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ABSTRACT
FACTORS AFFECTING PLANT COMMUNITY COMPOSITION AND
DYNAMICS IN THE OSSIPEE PINE BARMENS, NEW HAMPSHIRE
by
Lauren Fredrick Howard
University of New Hampshire, December, 2003
Forty-one 0.25 ha sites were sampled in the Ossipee Pine Barrens to identify and
describe tree community types and investigate factors controlling forest composition and
dynamics. Every site had three site-time assemblages (STA’s) representing past, present,
and future trees. Past (1952) vegetation was calculated based on reverse growth
estimates of current stems and stumps. Future (2052) vegetation was predicted by current
sapling (< 10 cm dbh and > 1 m tall) relative densities.
Cluster analysis produced three community types from 121 STA’s: pitch pine,
mixed pine-hardwoods, and red maple. Pitch pine communities comprised 63% of sites
in 1952, but declined since. Mixed pine-hardwoods peaked at 58% in 2002, but were
predicted to decline to 37% by 2052 as sites transitioned to red maple. The red maple
community only appeared in the future after current saplings replaced aging pitch pine
canopies, but the type was predicted to comprise 50% of sites by 2052. Assuming
continued fire suppression, pitch pine communities will retain only 12% of sites by 2052.
Control over vegetation patterns and successional dynamics by 1) soils, 2) seed
source, and 3) disturbance was investigated using field evidence, accounts from residents
and forest managers, and dendrochronology. Factors affecting forests since stand
formation were analyzed individually and with multivariate techniques. Seed source
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variables explained the greatest amount of variation in vegetation, followed closely by
fire-related disturbance variables and weakly by soil texture. Logging disturbance and
soil nutrients were not significant predictors of vegetation in the Ossipee Pine Barrens.
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CHAPTER 1
INTRODUCTION

In the northeastern United States, forests dominated by pitch pine (Pinus rigida P.
Mill.) and scrub oak (Qurecus ilicifolia Wangenh.) are commonly called pine barrens.
The name describes the mostly infertile, drought-prone, sandy soils on which these
forests are typically located. The early colonists found pine barrens to be unproductive
for agriculture and farmed them only after the more suitable lands were already in use
(Patterson and Finton 1996, Sperduto et al. 2000). Today, pitch pine barrens are found
primarily in New Jersey (Boemer 1981, Forman and Boemer 1981), but regionally rare
examples of the pitch pine-scrub oak ecosystem also occur in Maine (Copenheaver et al.
2000), New Hampshire (Sperduto et al. 2000), Massachusetts (Motzkin et al. 1996,
Parshall et al. 2003), Pennsylvania (Eberhardt and Latham 2000), and New York
(Bernard and Seischab 1995; Seischab and Bernard 1991,1996).

Pitch Pine
Pitch pine (Pinus rigida) is found in a wide range of habitat types in the eastern
United States, ranging from the coastal plain to the Appalachian Mountains. Though
pitch pine is intolerant of shade (Bums and Honkala 1990a), it is adapted to tolerate other
forms of environmental stress. It most commonly grows on dry, nutrient poor, sandy to
gravelly soils (Rawinski 1987, Schweitzer and Rawinski 1988, Bums and Honkala
1990a, Motzkin et al. 1996), but can also survive on poorly drained wetland soils (Roman
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et al. 1985, Bums and Honkala 1990a), and rock outcrops (Scweitzer and Rawinski 1988,
Abrams and Orwig 1995; Motzkin et al. 2002a).
Pitch pine tolerates fire disturbance, having thick, fire resistant bark and the
ability to resprout via epicormic branching and belowground buds (Boemer 1981, Weiner
1984, Bums and Honkala 1990a, Sperduto et al. 2000). In areas where fires are frequent
enough to be a major selective force, as in the coastal plain and in the New Jersey Pine
Barrens, pitch pines can also have serotinous cones (Givnish 1981). Pitch pine does not
regenerate well on leaf litter, and stand establishment most often occurs after moderate to
severe fires or other disturbances that open up the canopy and remove litter (Parshall et
al. 2003).
Pitch pine has been used for timber since early settlement in New England
(Motzkin et al. 1996). Pitch pine lumber resists decay and was utilized for shipbuilding,
mine props, fencing, railroad ties, pulpwood, crating, and fuel (Bums and Honkala
1990a). Today pitch pine is considered a low quality, low value lumber compared to
other pines, though it does have some specific uses. For example, in the mid-1980’s
pitch pine was harvested for guardrail posts along New Hampshire highways because of
its resistance to decay (Paul Beck, woodlands manager for the International Paper
Sawmill, Madison, NH, pers. comm.).

Soil Characteristics of Pine Barrens
Pine barrens soils are typically sandy and droughty, often occurring on glacial
outwash plains in the northeastern United States (but see Eberhardt and Latham 2000 for
pine barrens in Pennsylvania on glacial till). On Cape Cod, Massachusetts, pitch pine-

2

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

scrub oak communities were characteristic of outwash deposits (Motzkin et al. 2002b).
Nearby on Martha’s Vineyard, the distribution of fossil pollen of presettlement forest
types corresponded to glacial landform: moraine occurred with mesic forests, outwash
deposited over moraine corresponded to pitch pine-oak barrens with an ericaceous
understory (pine barrens), and outwash on the southern edge of the island corresponded
to grasslands. The relationship of vegetation to soil type held until European settlement,
when variation in forest types on the island was reduced through land clearing and other
land uses, producing a decline in tree populations (Foster et al. 2002).
Differences in soil properties across the landscape have been hypothesized to
affect plant community composition, as plant species are known to have different
requirements for moisture and nutrients (Bums and Honkala 1990a, 1990b). Whitney
(1991) noted that vegetation, especially ground cover, is often well correlated with
geology, physiography, soils, and microclimate, although the impacts of land use often
complicate our understanding of these factors. A number of studies have shown soil
properties to be significantly correlated with the distribution and abundance of pine
barrens species. In central and western New York (Seischab and Bernard 1991) and in
northeastern New York (Bernard and Seischab 1995), species composition, as
represented by detrended correspondence analysis (DCA) species ordination axes, was
significantly related to soil texture, including stoniness and percent sand, silt, and clay,
while pH and specific conductance were also found to be important. In the Hudson
Valley, additional significant factors included soil moisture and percent organic matter
(Seischab and Bernard 1996). The importance of pitch pine generally increased with
higher percent sand and lower moisture content. The directionality of correlations of

3
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species with other environmental variables was inconsistent across these three studies,
indicating possible site-specific effects. However, because soil samples in all of the
studies cited above were taken only to a depth of 10 cm, a depth affected by plant roots
and litter, causality between species composition and soil properties cannot be inferred.
Significant differences in soils were also found among plant communities at the
Waterboro Barrens in Maine (Copenheaver et al. 2000). In the mineral soil, pH, Ca, Mg,
P, cation exchange capacity (CEC), percent organic matter, and total N showed
significant differences among the five vegetational community types identified within the
barrens. The organic horizon in each community differed in the amounts of Ca, Mg, P,
CEC, total N, and K, with pitch pine-heath and scrub oak communities having lower
values than mixed deciduous, open canopy pitch pine, and pitch pine-scrub oak
communities. As in New York State, overall texture was found to be significant, with the
mixed deciduous and pitch pine-scrub oak communities growing on significantly coarser
sand than other types. As mentioned with previous studies, however, soil was sampled
only from a depth of 15 cm or less, and once again, cause and effect cannot be inferred
from this study.
Gradient analysis in New Jersey Pine Barrens (Zampella et al. 1992) showed that
the first axis of a DCA ordination of pitch barrens communities was highly correlated
with a principal component axis representing decreasing depth to water table and bulk
density, increasing soil moisture and organic matter content, and increasing medium
sand. Non-wetland pitch pine forests occurred midway on the gradient between mesic
pine-scrub oak and wet pitch pine lowland. Soil nutrient analyses were, as in other
studies, conducted on the top 10 cm of soil, although they were not generally

4
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significantly correlated with forest vegetation in this study. Similarly, Roman et al.
(1985) showed that species other than pitch pine, black huckleberry {Gaylussacia
baccata), wintergreen (Gaultheria procumbens), and bracken fern (Pteridium aquilinum),
responded to physical soil properties in the form of a moisture gradient from uplands to
wetlands in the New Jersey Pine Barrens. Tree and scrub oaks and blueberry {Vaccinium
spp.) were mostly limited to upland sites with a depth to water table > 45 cm, where
black gum (Nyssa sylvaticd), sweet pepperbush {Clethra alnifolia) and dwarf huckleberry
{Gaylussacia dumosa) occurred only on wet sites. Factors controlling the distribution
and abundance of species specifically within the dry pine barrens areas (typical of
Ossipee, NH) however, were not studied.
Landscape position and substrate were environmental factors that correlated with
presence and absence of forest species in the Harvard Forest in Massachusetts (Whitney
1991). Whitney (1991) noted that although landscape position and substrate affected
species composition, they were often related to each other as well; amounts of sands and
gravels, as well as soil moisture, were correlated with the presence of plains, slopes, and
ridgetops. Microclimatic effects, often associated with certain landscape positions, were
hypothesized to additionally affect species occurrence. A gradient in soil fertility was
thought to play a role but Whitney (1991) did not test for this.
Although there is much evidence to suggest that species distributions respond to
chemical and physical soil properties, numerous studies that specifically tested for these
factors showed no significant relationships. Motzkin et al. (1996) found no chemical or
textural differences between soils with and without a plow layer in the Connecticut
Valley of Massachusetts. The presence or absence of a soil plow layer (Ap Horizon), and

5
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correspondingly the depth of the O horizon, correlated with the dominance of pitch pine
or scrub oak in different areas of the barrens. Differences in species composition on
plowed versus unplowed soil, however, were thought to be determined by the presence of
open sites during the period of farm abandonment, not necessarily by any physical or
chemical properties of the soils themselves. It should be noted that the effects of land
use, not soils, were the focus of the Motzkin et al. (1996) study, and soils were held
relatively constant on purpose. Therefore, it may not be surprising that soil variables did
not explain variation in vegetation.
Three studies in the New Jersey Pine Barrens specifically tested for contrast in
soil properties among areas of differing species composition. Persistent openings within
the pitch pine forests showed no detectable soil differences from the surrounding matrix
(Ehrenfeld et al. 1995), and in a separate study, Ehrenfeld et al. (1997) found that
vegetation patterns (ordination axes) were not explained well by most soil variables.
Only moisture in the mineral horizon and extractable N in the organic horizon were
selected by multiple regression to explain part of the variation in community composition
(Ehrenfeld et al. 1997). Similarly, in a study by Little (1981) no significant soil
differences were found between the dwarf pine plains and the surrounding areas.
The effects of soil properties and of historical disturbance factors in determining
present-day vegetation patterns are often inextricably intertwined. In the Albany (New
York) Pine Bush, DCA ordination of the pine barrens vegetation produced a shrubdominated cluster and a tree-dominated cluster. Sites in the shrub cluster had
significantly higher potassium levels and evidence of plow layers (AP horizons) in the
soil, but fire frequency was also highest for these sites. Moisture distinguished the
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pitch/white pine stands from the hardwoods on the second axis (Milne 1985). In the New
Jersey Pine Barrens, pulses of water, Ca, Mg, and K to groundwater occur following
burning. Pulses are highest following wildfire, intermediate with prescribed burning, and
lowest in control sites (Boemer and Forman 1982, Boemer 1983).
The present literature does not adequately address the effects that soil properties
have on determining present day vegetation in pine barrens ecosystems, not necessarily
because of conflicting results in various studies, but more importantly because of the
problem of circularity. Because most studies reported nutrient availability from the upper
soil horizons (typically the top 10 cm), these studies cannot convincingly infer cause and
effect relationships between soils and vegetation. The upper 10 cm of soil can be
strongly influenced by the vegetation because of the decomposition of leaf litter and
actions of plant roots, so a correlation between vegetation and soil nutrients at this level
would not necessarily be a surprise (van Breemen et al. 1997). Textural correlations are
more convincing, as this soil property is usually independent of vegetational influence
(though leaching of clays can sometimes occur). In order to infer that soils influence
vegetation pattern, soil samples should be taken from the unaltered parent material (C
horizon), from below the region of decomposition and fine plant roots.

Role of Fire in Pine Barrens Ecology
Due to the dry nature of the soil, the flammability of pine litter, and the flatness of
the terrain on which they are usually located, pine barrens have been subject to frequent
wildfires. In the New Jersey Pine Barrens, this rate can reach up to 1100 wildfires per
year (Boemer 1981), with any area within the barrens burning on average every 15-40
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years (Givnish 1981, Schweitzer and Rawinski 1988). Fire frequency increases toward
the center of pine barrens (Givnish 1981), and the central New Jersey Pine Plains bums
on average every 6-8 years (Boemer 198R Givnish 1981), much more often than
peripheral regions. Pitch pines in the Pine Plains have evolved a dwarf habit and
precocious reproduction as a result of the increased fire frequency (Little 1981, Buchholz
1983).
Fire has not been as frequent in New England as it has been in the New Jersey
Pine Barrens; its historical return interval has been estimated at 440-950 years for all pine
communities in the state of New Hampshire (Fahey and Reiners 1981). However, fire
has probably been important in the development and perpetuation ofNew England’s pine
barrens communities, as shade-intolerant pitch pine requires large openings to regenerate
(Schweitzer and Rawinski 1988; NH Natural Heritage Inventory, no date; Bums and
Honkala 1990a; Patterson and Finton 1996; Sperduto et al. 2000). Germinating pitch
pine seeds cannot establish roots through thick leaf litter and as a result, fires of moderate
to severe intensity are necessary to remove the litter layer and encourage new stand
formation (Boemer 1981, Bums and Honkala 1990a, Patterson and Finton 1996, Parshall
and Foster 2002).
Fires occur naturally in the pine barrens by lightning strikes, and spread rapidly
across flat expanses of dry, fire-prone vegetation. Before settlement by Europeans,
charcoal and pine pollen in Cape Cod lakes were closely tied to landform and geography;
more charcoal formed on flat, dry expanses of outwash, and less near geographical
firebreaks (Parshall and Foster 2002, Parshall et al 2003). Native Americans have been
cited in the literature as deliberately starting fires in presettlement times. For example,
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Native Americans were observed in 1656 burning the Albany Pine Bush with the goals of
improving wildlife habitat and surrounding game (Milne 1985). Despite this information,
there is little conclusive evidence that Native Americans increased fire frequency in New
England above what would be expected based on climate and the flammability of
vegetation types; Parshall and Foster (2002) concluded that it is not necessary to invoke
Native Americans as a cause. In New England (Parshall and Foster 2002) and
specifically on Cape Cod (Parshall et al. 2003) charcoal analysis of lake sediment cores
showed a lower incidence of fire before settlement by Europeans. Foster et al. (2002)
found no evidence that Native Americans used slash and bum agriculture on the island of
Martha’s Vineyard, Massachusetts, but did not mle out the use of fire to control game
habitat. They found no direct evidence that Native American burning affected
vegetation.
In contrast, the frequency of fire in New England pine barrens after European
settlement was closely tied with human history. After settlement in New England
(1620’s on the coast to late 1700’s inland), fire frequency increased as evidenced by
greater fossil charcoal content in 17 of 18 lakes after this time (Parshall and Foster 2002).
The increase in charcoal was probably a result of burning of slash that routinely followed
land clearance and a higher frequency of accidental ignitions from a growing European
population (Parshall et al. 2003). Later in the nineteenth century, fires were commonly
ignited along railroads (Cape Cod: Motzkin et al. 2002; Ossipee NH: Richard L. Hobbs,
pers. comm., Roger Clayton, pers. comm.) and near forest industries (Sperduto et al.
2000), or were intentionally set for blueberrying (R.L. Hobbs, pers. comm.) or
charcoaling purposes (Copenheaver et al. 2000).
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In the twentieth century, fire prevention and suppression has been the overall
forest policy throughout most of the United States (Fahey and Reiners 1981). Because of
this policy, natural regeneration of fire-adapted pitch pine communities may have been
less frequent during this period. As fire can check succession by eliminating fire
intolerant but more shade tolerant species such as red maple (Acer rubrum; Abrams
1992) and beech (Fagus grandifolia), long-term fire suppression may have promoted
succession away from pitch pine.
High abundance of pitch pine and scrub oak was correlated with high fire
frequency and intensity before the early 20th century in the Albany (NY) Pine Bush
(Milne 1985), and in New England (Parshall and Foster 2002); however, the converse is
true today. With the reduction of fire since the 1950’s on Cape Cod, MA, hardwoods
such as oak (Quercus spp.), beech, and hickory (Carya spp.) are now replacing pitch
pines as the dominant trees in some areas (Parshall et al. 2003). In the Wisconsin pine
barrens, a comparison of witness tree data with satellite classification of present
vegetation has shown a 30% decline in jack pine (Pinus banksiana), an 80% decline in
red pine (Pinus resinosa), and a corresponding increase in hardwoods since settlement in
the first half of the 19th century (Radeloff et al. 1999). These changes were attributed to a
reduction in the frequency of both stand-replacing fires and ground fires. Removal of
pines by clearcutting vast areas has probably also reduced pine seed source, which may
also have contributed to pine decline.
Closer to New England, in the Albany Pine Bush in New York State, only 6 of 20
sites had vegetation typical of pine barrens (with pitch pine and scrub oak dominating) in
1985, and all six were located in a central area where fire had been common before the
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construction of the NY Thruway in 1953 (Milne 1985). The remaining 14 Albany sites,
which apparently burned less frequently, were composed of mixed hardwoods or mixed
pitch and white pine {Pinus strobus) and hardwoods. Pitch pines were the oldest trees on
all sites, indicating they were there first. Milne (1985) concluded that fire suppression by
humans or topographic firebreaks accelerated hardwood establishment, with hardwoods
eventually shading out pitch pines and scrub oaks. He predicted that continued fire
suppression would reduce the area of typical pine barrens vegetation in the Albany Pine
Bush in the future.

Hole of Historical Land Use in Determining Present Day Vegetation
Where the distribution of presettlement forest types in New England was largely
related to climatic and geologic factors, European settlement caused the modification of
forest types because of forest responses to land use practices such as farming, logging,
and increase in fire frequency (Parshall and Foster 2002). The state of present day
vegetation in any forest is often shaped by its relationship to cultural history (Foster
1999) and, in the New England pine barrens ecosystems, historical variables have often
been shown to correlate with vegetation patterns.
Agriculture is a large-scale disturbance that influences vegetation on a site many
centuries after farm abandonment. In the Connecticut River Valley of Massachusetts,
Motzkin et al. (1996) observed that 97% of pitch pine-dominated sites were formerly
plowed for agriculture, whereas 89% of scrub oak-dominated sites within the pine
barrens had never been plowed. Historical land use patterns explained the greatest
amount of variation in the vegetation patterns. As chemical and physical soil
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characteristics were not significantly different between plowed and unplowed sites, the
major differences in species composition were attributed to the openness and bare soil
available at the time of farm abandonment^ conditions that would have favored pitch pine
colonization (Motzkin et al. 1996).
In contrast to the 1996 Connecticut Valley study, agricultural land use practices
had the opposite effect on Cape Cod, MA, where pitch pine-scrub oak and oak-pinehuckleberry community types occurred predominantly on undisturbed soils on sites that
were used as woodlots and never farmed (Motzkin et al. 2002b). On Cape Cod,
Ericaceous pine barrens species such as wintergreen, mayflower (Epigaea repens),
blueberry, and sheep laurel (Kalmia angustifolia), as well as bracken fem, were also more
common on sites where soils were never plowed (Motzkin et al. 2002b). Plowing may
destroy rhizomes of clonal species and dispersal limitation may delay recolonization of
former agricultural areas.
In Motzkin et al.’s (1996) study, fire history was found to be a secondary variable
that modified vegetation patterns primarily established by former land use. However, in
the Ossipee area of northern New Hampshire, agriculture was not practiced in most pine
barrens sites (Cook 1989, Patterson and Finton 1996, Sperduto et al. 2000); therefore
other factors must be responsible for the initiation of the present pitch pine stands.
Logging activity in the region has been the major historical land use of the pine barrens,
and it is likely that, along with fires, past timber management practices have played a role
in determining present composition of New England pine barrens communities (Patterson
and Finton 1996, Copenheaver et al. 2000).

12

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Although many New England pine barrens have previously been managed and
logged for white pine (Patterson and Finton 1996, Sperduto et al. 2000), the effects of
these land use practices on the community'composition of present day vegetation are still
unclear (Motzkin et al. 1996). Motzkin et al. (1996) advised that “land use history must
be treated as an integral aspect of ecological study and a critical component of
conservation planning,” but admitted that the effects of the magnitude and duration of
past land use practices on the distribution and community composition of present-day
vegetation are poorly understood. Motzkin et al. (2002b) also cautioned that the relative
influence of climate and soil conditions vs. historical factors in determining present day
vegetation patterns can depend on scale. Where long time periods, extreme
environmental gradients, or broad geographical areas are concerned, environmental or
resource variation among sites may have a strong influence on vegetation. Conversely,
where environmental variation among sites is low, historical factors can become more
important in determining vegetation patterns.

Role of Seed Source in Determining Community Structure
Seed availability at the time of disturbance has also been hypothesized to play a
role in determining the species composition of pine barrens sites (Patterson and Finton
1996); however, no research was found dealing specifically with this factor for pine
barrens. The presence or absence of characteristic pine barrens species may depend on
the availability of propagules at the time immediately following disturbance. Fires hot
enough to remove the leaf litter layer may destroy the existing seed bank, so even if
conditions are favorable, a species expected to be at a certain site will be absent if there is
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no nearby source of seeds. Analysis of the seed bank in the New Jersey Pine Barrens on
sites not logged for > 100 yrs showed that the seed bank underlying those forests was
mostly composed of weedy disturbance-adapted herbaceous species, very different from
the existing groundcover on the sites (Matlack and Good 1990). The New Jersey seed
bank largely lacked trees, having no pitch pine or scrub oak, but did have some
Ericaceous shrubs such as wintergreen and blueberry. According to Boemer (1981), the
large number of fire-adapted species in the pine barrens forests of New Jersey suggests
that postfire regeneration will be dominated by regrowth (mainly vegetative spread) of '
these same species, with little input from seed banks or offsite dispersal.
With longer fire return intervals due to fire suppression, the importance of
establishment from offsite seed may become greater. Longer disturbance intervals should
favor species with adaptations for postfire seed dispersal over sprouting species for a
number of reasons, according to Boemer (1981): 1) The population density of fireadapted sprouting species declines as they become shaded out by invading fire-intolerant
species. 2) The accumulation of fuel loads over long periods of time can cause
catastrophic high intensity fires, resulting in high mortality of all species. 3) As the
existing fire-adapted trees age, their ability to sprout following disturbance declines.
Additionally, logging may create conditions that favor seedlings of fire-intolerant
species at the expense of fire-tolerant species if fires are suppressed. Seedlings of fireintolerant, but more shade-tolerant, hardwood species that dispersed into a site prior to or
immediately after logging grow quickly because of the increase in light and nutrients. In
contrast, pitch pine seedlings and perhaps other fire species may not be able to establish
through the intact litter layer and logging slash, even if a seed source for them is present.
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Additionally, the differential effects of logging technology and seasonality on subsequent
pitch pine regeneration are unknown.
The importance of seed source availability relative to disturbance history and soil
properties in determining community composition is currently unknown. In Wisconsin,
jack and red pines were largely removed from the barrens in logging operations in the
early 1900’s, and RadelofF et al. (1999) suggested that lack of seed source may limit their
natural regeneration today.

Threats to and Conservation Value of Pine Barrens
Only recently has the ecological value of pine barrens been realized, as these
isolated ecosystems are unique in the Northeast and contain a number of rare and
endangered species of plants and animals (NH Natural Heritage Inventory, no date, 1994;
Rawinski 1987; Motzkin et al 1996; Sperduto et al. 2000). Today, pine barrens are
threatened by commercial and residential development, as urban sprawl has fragmented
and eliminated much of their original acreage (NH Natural Heritage Inventory, no date;
Seischab and Bernard 1991; Motzkin et al. 1996).
Though currently there are some initiatives to protect pine barrens from further
development, little is known about how to appropriately manage preserved lands. Like
other forests, pine barrens are communities that change over time through succession, and
if left alone in the absence of natural disturbance they may cease to be pine barrens
(Sperduto et al. 2000). Therefore, it is essential to understand the natural factors and
processes that determine pine barrens community composition so that successful long
term management of these lands and their endangered species will be possible.

15

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Since in the absence of disturbance the species composition of pine barrens likely
shifts slowly towards dominance by more shade tolerant hardwoods, management may be
necessary to preserve the character, community processes, and endangered species of
New England’s remaining pine barrens. By reconstructing past ecosystems we can
identify important natural and human influences that have shaped present day
communities and provide insights into ecological processes that take place on long time
scales (Foster 2002). Investigation of the relative contributions and interactions of soils,
spatial and temporal disturbance regimes, historical human impacts, and their effects on
vegetation through time are “critical for interpreting current ecological patterns as well as
developing effective conservation and management strategies” (Foster et al. 2002),
especially if those strategies involve'prescribed fire (Parshall et al. 2003). Little is
known, however, about the relative contribution of factors in influencing the successional
dynamics of pine barrens communities.
Thus, the objectives of this study are twofold: 1) To identify and describe existing
community types within the Ossipee Pine Barrens and to describe the successional
dynamics of these communities by examining past vegetation patterns and predicting
future changes. 2) To test the following alternative hypotheses concerning the relative
contribution of factors to the development of present day vegetation patterns in the pine
barrens: a) Community composition is determined by soil properties and post-glacial
landform; b) Community composition is determined by the availability of seed sources;
c) Community composition is determined by site disturbance history; d) Community
composition is determined by the combination of two or more of the above factors.
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CHAPTER 2
STUDY AREA

Environmental Description
The Ossipee pine barrens is located in east central New Hampshire in Carroll
County, within the five towns of Ossipee, Tamworth, Freedom, Madison, and Effingham,
at approximately 43° 50’ N latitude, 71° 10’ W longitude. Elevation ranges from about
137-152 m (450-500 ft) above sea level. Mean monthly temperature ranges from -9 to
19°C (15.8-66.2°F; Figure la) with annual precipitation averaging 1404.1 mm (55.3 in;
Figure lb; weather.com 30-year data, 10/02/2002). Precipitation is distributed equally
across the year with a monthly mean of 117 mm (4.6 in) and a standard error of only 10.1
mm (0.4 in).
The Ossipee barrens is considered to be the largest and most pristine example of
pitch pine barrens in the state (Rawinski 1987, New Hampshire Natural Heritage
Inventory 1994). Although the historic extent of the pine barrens has been estimated at
over 2833 hectares (7000 acres), only about 1214 hectares (3000 acres) remain (New
Hampshire Natural Heritage Inventory 1994). These forests, primarily dominated by
pitch pine and scrub oak, are situated on a substrate of sand and gravel. The soils,
derived from material deposited approximately 14,000 years ago by the melting glacier,
are of two general types: ( 1) water-deposited sediments forming outwash plains and
terraces, kames, and eskers, and (2) unsorted glacial till (Diers and Vieira 1977).
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Figure 1. Mean monthly temperature and precipitation in Ossipee, New Hampshire.
A. Temperature. B. Precipitation (Source: Weather.com 30-year database, 10/02/2002)
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Water-deposited soils common in the area include Hinckley gravelly loamy sand,
Deerfield loamy fine sand, Windsor loamy sand, and Colton gravelly loamy fine sand.
These soils are generally well drained to excessively drained soils with rapid permeability
and low water holding capacity. Fertility is low in the Hinckley and Windsor series, but
fair in the Deerfield and Colton series (Diers and Vieira 1977).
The only till-based soil common in the Ossipee pine barrens (primarily in the Pine
River State Forest) is the Gloucester series. These soils, described as very stony fine
sandy loam, are somewhat excessively drained with moderately rapid permeability and
low water holding capacity, similar to the water deposited series described previously.
Gloucester soils are primarily found in rolling and hilly uplands (Diers and Vieira 1977).

Historical Description
The five towns in the Ossipee region were first settled by Europeans in the middle
of the 18th century. Surveying along the present Route 16 took place in the 1760s and
1770s, while the population in the area peaked between 1790 and 1810 (Cook 1989,
Sperduto et al. 2000). Settlement favored the fertile uplands first, although the lowlands
(which included the pine barrens) were mostly settled by 1810 (Sperduto et al. 2000).
Logging in the area began shortly after settlement, as the first sawmill appeared
by 1777 (Sperduto et al. 2000). Pitch pine, red pine, and white pine were all present in
the region prior to settlement, and had natural seed sources in the area (Cook 1989,
Sperduto et al. 2000). Most of the best sawtimber was harvested between 1810 and 1830
(Patterson and Finton 1996), although the appearance of the region’s first railroad in 1870
increased logging activity at that time (Sperduto et al. 2000).
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Since the late 1800s, the Ossipee pine barrens has been subject to frequent
logging. Many efforts in the 20th century were made to grow and harvest white pine in
the barrens (Sperduto et al. 2000; Peter Pohl, Carroll County UNH Cooperative
Extension, pers. comm.), presumably for sawlogs and boxboards. Numerous references
to sawmills, debarking mills, sawdust piles, logging roads, and sudden decreases in
property values -commonly associated with clearcutting- in 20 th century land deeds attest
to the logging history of the area (Patterson and Finton 1996). In addition to timber sales,
the economy of the town has historically been driven by large forest-related businesses
such as the New England Box Plant, which operated two “wig warn” burners to dispose
of waste wood and sawdust in the mid 1900s (Patterson and Finton 1996). Today the
International Paper Company sawmill is a major forest-dependent industry in the area,
along with Pine Tree Power, a wood chip burning power plant.
Although fire prevention and suppression has been the overall forest policy
throughout much of Ossipee’s settlement history, a number of fires were large enough to
be recorded in the area’s newspapers and historical records in the last century. Fire
frequency in the Ossipee area probably increased after 1870 when the first railroad was
built through the region, as sparks from the steam engines ignited nearby brush (Patterson
and Finton 1996, Sperduto et al. 2000). A fire was recorded in 1907, affecting an area of
the Pine River State Forest, although its extent elsewhere is unknown.
A widespread yet patchy wildfire burned parts of the Ossipee barrens in 1947, but
was limited to the west side of the Pine River in the Pine River State Forest and did not
bum in White Lake State Park (Sperduto et al. 2000). The state park, acquired by the
State of New Hampshire in the 1930s, has not burned presumably since 1907 (Dan
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Sperduto, pers. comm.). The 1947 fire was extensive enough to bum throughout the
towns of Madison, Freedom, Effingham, and Ossipee, igniting the area east of Ossipee
Lake (Patterson and Finton 1996) and the western side of the Pine River State Forest
(Patterson and Finton 1996, Sperduto et al. 2000).
Another serious fire broke out in 1957 at the New England Box Plant in southern
Madison (now the International Paper Company), and spread southeast through the pine
barrens into Madison, Freedom, and Ossipee. Timber industry records show that the
areas burned were mostly sprout hardwoods, suggesting removal of most of the pitch pine
at an earlier date (Patterson and Finton 1996). The 1947 and the 1957 fires may be
attributed to the two “wig warn” burners operated by the New England Box Company in
the mid 1900s (Patterson and Finton 1996).
The 1957 fire was the last major wildfire to hit the five-town area of the Ossipee
pine barrens. Other less serious fires probably have broken out since 1957, but have been
quickly contained. Recently, some experimental low intensity controlled bums have
been used to eliminate litter and understory vegetation on small plots at the Pine River
State Forest using a three year return interval (Bob Hardy, pers. comm.) and to attempt to
promote pitch pine and white pine regeneration while suppressing understory scrub oak
in Madison (Popp 1987). Low intensity prescribed bums at the University of New
Hampshire lot in Madison were found to increase basal sprouting of scrub oak and kill
understory white pines, and so did not have the intended effects (Popp 1987).
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CHAPTER 3
FIELD AND LABORATORY METHODS

Study Site Selection
Study areas covered three geographic pine barrens regions in the Ossipee Valley:
1) north of Ossipee Lake, 2) centrally along route 25 southeast of Ossipee Lake, and 3)
south of Duncan Lake along the Pine River. Study areas were limited to fluvial glacial
deposits, such as eskers, kames, and the extensive outwash plain (with the exception of
one or two sites possibly situated on Gloucester till soils at the Pine River State Forest) in
the towns of Ossipee, Freedom, Effingham, Madison, and Tamworth. Patches of
vegetation with at least some pitch pine were located on aerial photographs of the region
obtained from the Natural Resources Conservation Service (NRCS) in Conway (spring
aerial photography taken 1992-1994) and from GRANTT, a geographic information
system (GIS) database for NH available through the University of New Hampshire
[digital orthoaerial quads (DOQ’s) taken in spring 1998], Land ownership and property
boundaries were obtained from tax maps available in the respective town halls. Public
and private conservation lands were selected preferentially, although permission was
obtained from private landowners to sample two recently clearcut sites. Public and
private conservation lands included the Pine River State Forest, Sumner Brook Fish
Farm, Constitution Park, White Lake State Park, the Dr. Melvin A. Harmon Preserve, and
the West Branch Pine Barrens Preserve. Property ownership and study site locations and
are given in Table 1 and Figure 2.
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Table 1. Study areas, ownership, and GPS locations of 41 study sites in the Ossipee Pine
Barrens. GPS coordinates are given in degrees-feet latitude and longitude. Site Direction
indicates the location of the 50 x 50 m site relative to the GPS point used as one comer
(see Field Methods for definition of a study site).

Site

Region

Latitude (N)

Longitude (W)

Constitution Park, Ossipee. Town of Ossinee.
71-06.158
CPI Central
43-46.943
71-06.227
CP2 Central
43-47.062

Site Direction

N&E
W&N

Dr. Melvin A. Harmon Preserve. Freedom. Society for the Protection of NH Forests.
NW&NE
71-01.286
43-47.734
HP1 Central
71-01.369
N&E
43-47.619
HP2 Central
71-01.267
S&E
HP3 Central
43-47.486
71-01.412
S&W
43-47.447
HP4 Central
N&E
71-00.965
43-47.562
HP5 Central
Hobbs Tract Freedom. The Nature Conservancy.
71-09.950
43-48.680
HT1 Northern
71-09.930
43-48.730
HT2 Northern
71-09.877
43-49.628
HT3 Northern
43-49.310
71-10.032
HT4 Northern
71-10.286
43-49.549
HT5 Northern

W&N
NW&NE
N&E
N&E
S&W

Kennett Tract Madison. The Nature Conservancy.
71-10.950
43-50.100
KT1 Northern
71-10.850
43-50.035
KT2 Northern

N&E
N&E

Kennett Tract, Freedom. Kennett Corporation, (private)
43-49.514
71-09.935
KT3 Northern

W&N

Lead Mine Road. Madison. Town of Madison.
43-51.151
71-08.813
LM1 Northern
71-08.874
LM2 Northern
43-51.054
71-09.049
LM3 Northern
43-51.087

NW&NE
W&N
S&E

Pine River State Forest Ossipee and Effingham. State of New Hampshire.
71-05.206
E&S
PR1 Southern
' 43-42.615
71-05.268
W&N
43-42.455
PR2 Southern
W&N
43-42.405
71-05.252
PR3 Southern
W&N
71-05.134
PR4 Southern
43-42.528
W&N
71-04.197
PR5 Southern
43-42.493
71-04.805
N&E
PR6 Southern
43-42.676
W&N
43-43.038
71-04.564
PR7 Southern
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Table 1, continued.

Pine River State Forest. Ossipee and Effingham. State of New Hampshire.
PR 8
Southern
43-42.153
71-04.917
E&S
PR9
Southern
43-42.366
71-02.977
S&W
Railroad Tracts (“The Triangles”). Tamworth. The Nature Conservancy.
RR1
Northern
43-50.577
71-11.894
W&N
RR2 Northern
43-50.749
71-11.715
NE&SE
RR3
Northern
43-50.674
71-11.869
W&N
Sumner Brook Fish Farm, Ossipee.
SB1
Southern
43-39.411
SB2
Southern
43.39.189
SB3
Southern
43-39.275

Town of Ossipee.
71-03.943
71-03.669
71-04.099

Smith Tract Ossipee. Charles H. Smith, (private)
ST1
Central
43-46.843
71-06.016

E&S
W&N
E&S

E&S

West Branch Pine Barrens Preserve. Madison. The Nature Conservancy.
WB1 Northern
43-50.360
71-10.780
N&E
WB2 Northern
43-50.760
71-10.690
N&E
WB3 Northern
43-50.550
71-10.910
N&E
WB4 Northern
43-50.858
71-10.130
E&S
WB5 Northern
43-50.779
71-10.265
W&N
White Lake State Park. Pitch Pine National Natural Landmark, Tamworth. State of NH.
WL1 Northern
43-50.431
71-13.781
N&E
WL2 Northern
43-50.485
71-13.838
N&E
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Figure 2. Map of 41 study sites in the Ossipee Pine Barrens, New Hampshire.
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Each of the above properties was visited in the summer of 2000 to gather
preliminary information that aided in the final site selection process. Major species, soil
characteristics, evidence of disturbance, arid proximity to other forest stands were noted
at the time; additionally, a small number of increment borings were taken from the largest
trees to determine the general age of the forest at each property. To maximize
environmental and physiognomic variation, properties were randomly selected from the
pool to include four major soil types (Adams, Colton, Hinckley, and Windsor) [although
later analysis suggested that two sites in the Pine River State Forest (PR5, PR9) may have
actually been situated on Gloucester till], three geographic positions (outwash plains,
eskers, and kames), and as wide a range o f disturbance histories as possible (different
combinations of timber harvest, evidence of fire, and catastrophic storm events), and a
wide range of canopy tree ages (less than 5 to more than 150 years) to maximize
environmental and physiognomic variation. Using aerial photographs, properties were
divided into polygons of homogeneous vegetation differentiated by coniferous cover
(determined by color, texture, crown shape, and density) and soil types from soil type
maps (Diers and Vieira 1977). At least one study site was then located within each
polygon using random distances along north-south trending transects with transects
separated by 100 m. To avoid possible edge effects, no sites were located within 25 m of
a known road, residential or commercial development, or a break in the vegetation. A
minimum of 100 m separated any adjacent study sites. The site location scheme
produced 1-9 study sites per property, depending on property size and available
heterogeneity. A total of 41 sites was chosen throughout the Ossipee Pine Barrens
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region; geographic locations are shown in Figure 2 and GPS coordinates are given in
Table 1.

W hat is a “Study Site”?
A “study site” was defined as a square area of 50 x 50 m (1/4 hectare). This size
included enough trees to characterize stand size structure and species abundance, and was
large enough to accommodate the heterogeneity resulting from small canopy gaps,
especially those resulting from selective cutting or patchy vegetation following
disturbance. It was also small enough to fit within vegetation and soil type boundaries.

Determination of Sampling Procedures
In the summer of 2001,1 experimented with sampling schemes at two sites to
determine what sampling intensity would accurately characterize a Vi-hectare area in the
most efficient manner possible. Two study sites, Railroad 1 (RR1) and White Lake 1
(WL1), were chosen for this preliminary work because they represented an early-mid
successional site and a successionally advanced site, respectively. At both locations, I
divided the square %-hectare area into twenty-five 10 x 10 m quadrats.
Within each quadrat, I did the following: I measured diameter of trees greater
than or equal to 10 cm dbh (diameter at breast height, 1.4 m above the ground). Trees
connected below breast height were counted as separate individuals. Dead trees were not
measured (but see below for sampling of stumps, logs, and snags). Saplings and
seedlings were defined as woody species that could potentially become trees and were
not normally found in the shrub growth form; gray birch (Betula populifolia) and scrub
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oak (Quercus ilicifolia) were therefore not counted as saplings and seedlings. Sapling
density was measured by counting the number of stems of each tree species < 10 cm dbh
but taller than 1 m. Seedling density was measured by counting the number of stems of
each tree species < 1 m in height. Along the western side of each 10 x 10 m quadrat, I
estimated percent cover of shrub and herb vegetation along transects using a pointintercept method, a method providing relatively quick objective percent cover estimates
(as opposed to using visual percent cover estimates, which are subjective). A ten-meter
tape was placed on the side of the quadrat and I recorded the species with foliage and/or
stems covering each point at 1-m intervals along the tape. Species were recorded as
covering each point at a height of less than 1 m, greater than 1 m, or both. Most
herbaceous groundcover fell below 1 m, whereas tree saplings and shrubs were often
greater than 1 m tall. Trees > 10 cm dbh were not included in the cover sample. The
proportion of all points sampled was an estimate of each species’ percent cover at the
site.
Using the census data from all 25 possible quadrats and 25 transects, I calculated
relative importance values for the site as a whole [Trees = (relative density + relative
basal area) / 2; shrubs & groundcover = relative percent cover]. Using 20 random
samples of each possible sample size, from 1 to 25 quadrats and transects, I recalculated
relative importance for each species and compared these results to those of the census.
Similarity of species composition and abundance between samples and the census was
measured using Czekanowski’s Percentage Similarity (Gauch and Whittaker 1972).
Increasing the number of quadrats in the sample increased the percent similarity
of Czekanowski’s coefficient (to 100% similarity when the sample size = 25 quadrats),
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but the accuracy gained with each additional quadrat or transect declined exponentially. I
chose to use the following sampling intensities at each site in order to secure a reasonable
amount of accuracy in a minimum of field time. Ten 10 x 10 m quadrats provided > 80
% vegetative similarity between sample and census for trees (Figure 3). Five 10 x 10 m
quadrats approximated sapling and seedling density with > 80% similarity to the census
(Figure 4). Ten 10-m transects allowed 90% similarity to the census for sampling of
shrub and herb percent cover (Figure 5).

Field Sampling Procedures
Vegetation
Vegetation sampling was conducted in the summer of 2002. Based on the
analysis described above, at each of the 41 study sites I sampled tree stems (> 10 cm dbh)
in ten 10 x 10 m plots, counted saplings (> 1 m tall) and seedlings (< 1 m tall) in five 10 x
10 m plots, and estimated shrub and herb cover on ten 10 m lines located along the left
edge of each plot. The ten plots were chosen randomly from the possible 25 per site.
Before leaving each site, I recorded its location in the field using a Garmin E-Trex global
positioning receiver, and measured slope and aspect with a Suunto clinometer and a
compass, respectively.

Stand History
In order to ascertain the age of each stand (i.e., the period of time since the standinitiating disturbance) and the timing of other disturbances that have affected the growth
of the stand, increment borings were taken from trees of each species in each major
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Figure 3. Mean distance value and standard deviation [Czekanowski’s Percentage
Similarity, 0-100; (rel den + rel dom) / 2 for trees (> 10 cm dbh)] of 20 random samples
of 10 x 10 m quadrats compared to the census of all 25 10 x 10 m quadrats. A. Railroad
Lot 1 (RR1). B. White Lake State Park 1 (WL1).
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Figure 4. Mean distance value and standard deviation [Czekanowski’s Percentage
Similarity, 0-100; (rel den) for saplings and seedlings (< 10 cm dbh)] of 20 random
samples of 10 x 10 m quadrats compared to the census of all 25 10 x 10 m quadrats. A.
Railroad Lot 1 (RR1). B. White Lake State Park 1 (WL1).
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Figure 5. Mean distance value and standard deviation [Czekanowski’s Percentage
Similarity, 0-100; (% cover) for groundcover] of 20 random samples of 10 m pointintercept transects compared to the census of all 30 point-intercept transects. A. Railroad
Lot 1 (RR1). B. White Lake State Park 1 (WL1).
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canopy stratum, from just above the root collar. The presence of any fire scars and
charring on tree bark was recorded in the field and, if a fire scar was present, at least two
increment borings were taken from just above the root collar, at 10 cm intervals outwards
from the scar. The aspect of the fire scar was noted in the field.
At each site, the abundance of stumps and standing dead trees was estimated. A
70 m line was established on the diagonal of each site, and all stumps and snags were
recorded within 5 m to either side of the line. For each stump or snag, stage of decay was
classified on a scale of 1-5, based on degree of decomposition of branches, loss of bark,
decomposition of outer wood, and heartwood (1 = recently dead, 5 = advanced decay;
Figure 6 ). The use of decay classes to categorize coarse woody debris is established in
the literature, though in the eastern United States only for hardwood logs (Pyle and
Brown 1998, 1999). If the dead tree was a naturally fallen log (not cut down), the
direction of fall was noted with a compass. The dbh of the stump or log was estimated in
10 cm classes, i.e., 10-20 cm dbh, 20-30 cm dbh, etc. Species of the stump or snag was
recorded if known; otherwise determination was made as softwood (conifer), hardwood,
or unknown.
Information from town and state records, as well as personal communication with
foresters, forest fire wardens, and longtime residents in the Ossipee area, was used to
supplement data collected in the field about previous forest composition and land use, as
well as specific disturbance events (Table 2). The dates and extents of large wildfires,
the dates and purposes of smaller controlled bums, and the dates and types of forest
harvesting that have been carried out on my sites, were investigated. These dates were
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Figure 6 . Decay classes used to categorize stumps and logs in the Ossipee Pine Barrens.

Table 2. Persons interviewed regarding stand history of the Ossipee Pine Barrens, New
Hampshire.

Name

Organization

Town

John Arruda
Douglas Bechtel
Paul Beck
Peter Benson
David Bowles
Bob Boyd
Ralph Buchanan
Roger Clayton
Richard Cogswell
Richard Gerard
William T. Guinn
Bob Hardy
Lee Hobbs
Richard L. Hobbs
Tom Howe
Bill Klotz
Jeff Lougee
Stephanie Neid
Tim Nolan
Marc Ohlson
Dr. William Patterson III
Arietta Paul
Peter Pohl
Robin Rancourt
Paul Savchick
John Smith
Dan Sperduto
Mark Zankel

Board of Selectmen
The Nature Conservancy
International Paper Company
The Nature Conservancy
Former Fire Chief
Forest Fire Warden
Conservation Commission
Former Fire Chief
Recreation Committee
Keith Associates - Forester
NH Division of Forests and Lands
NH Division of Forests and Lands
Private Citizen
Private Citizen
Society for the Protection of NH Forests
Private Citizen
The Nature Conservancy
NH Division of Forests & Lands
Conservation Commission
Conservation Commission
University of Massachusetts
Historical Museum
Carroll Co. UNH Cooperative Extension
Forest Land Improvement - Forester
Natural Resource Consultants - Forester
Conservation Commission
NH Natural Heritage Inventory
The Nature Conservancy

Madison
Concord
Freedom
Conway
Tamworth
Concord
Ossipee
Madison
Ossipee
Madison
Boscawen
Boscawen
Freedom
Freedom
Concord
Effingham
Conway
Concord
Ossipee
Madison
Amherst, MA
Ossipee
Ossipee
Tamworth
Conway
Ossipee
Concord
Concord
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compared to the dendrochronological records and decay classes of stumps collected on
each study site.

Soils
Two soil pits, 30 m apart on the diagonal of each 50 x 50 m study site, were dug
to a depth of at least 1 m. The type, depth, and color (Munsell) of each soil horizon and
the thickness of the litter layer were noted, and samples of the A and C horizons were
taken for later analysis by the University ofNew Hampshire analytical Services
Laboratory. Percent coarse fragments was visually estimated in the field (coarse
fragments were defined as stones > 5 cm diameter). The presence or absence of a plow
layer (Ap horizon) was recorded, as well as any gleying or mottling, which would
indicate a seasonally high water table. The presence and depth of any charcoal in the soil
profile was recorded. Finally, the landform of the site (i.e. outwash plain, kame, esker,
etc.) was noted.

Seed Source
In order to assess the availability of seeds for seedling establishment, knowledge
of the direction and distance to reproductive trees (assumed to b e > 10 cm dbh) of each
major tree species was necessary. I walked three consecutive transects around the 50 x
50 m site at distances of 25 m, 50 m, and 75 m from the edge of the site. The number of
individuals of each tree species encountered within 5 m on each side of the line was
recorded in the following classes: 0,1-5,6-25, or > 25 stems. Stems smaller than 10 cm
diameter were assumed to be reproductively insignificant, and were ignored.
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Dendrochronology
All 533 increment cores collected in the field were mounted on grooved wooden
blocks and sanded using 300-600 grain sandpaper to expose annual rings. Ages of these
trees were estimated by counting annual rings under a dissecting microscope. For all
trees in the dominant or emergent canopy positions, and for codominant and suppressed
trees exhibiting suppression and release patterns in annual radial growth, growth
increments were measured to the nearest micrometer using a dendrochronometer
consisting of a stereoscopic microscope at 2-7x power, sliding stage micrometer (Velmex
Series A4000, East Bloomfield, NY), AcuRite III digitizer, and computer.
Stand age was inferred in the following way. The cumulative radial growth of
every tree at a site was plotted against time; such a graph showed suppression and release
patterns of individual trees, as well as pulses of past recruitment. The age of the oldest
tree in the original cohort of trees was used as the date of stand formation. (Recruitment
into this cohort took place usually within a 20-year span.) If the original cohort was not
discernible, then the age of the oldest tree cored on the site was used as the date of stand
formation.
Dates of subsequent disturbances were identified by looking for (1) dates where
previously suppressed trees showed sudden and concurrent release, and (2 ) dates where
new cohorts of trees were initiated, often corresponding to these times of release. Dates
of stand initiation and subsequent disturbances were compared to the dates of known
events such as wildfires, logging episodes, and severe storms.
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Soils Analysis
Soil samples were analyzed in two parts: 1) the A horizon, which can affect
vegetation but in turn can be affected by vegetation, and 2) unaltered parent material (C
horizon) found at a greater depth, which determines basic soil properties independent of
vegetational influence. The University of New Hampshire Analytical Services Lab
performed the following analyses using standard procedures recommended for the
northeastern United States: pH, SMP Lime test, concentrations of Ca, Mg, K, and P
(Mehlich 3 test), cation exchange capacity (CEC), and base saturation (Base Sat). NH4
and NO3 nitrogen were measured in the A horizon only (Spurway test), as their
concentrations in the C horizon would be negligible. Percent organic matter in the A
horizon was measured by percent weight lost on ignition at 360° The presence of any
charcoal was noted during original sieving of soil samples.
I determined the texture of the C horizon, including the percent of very coarse,
coarse, medium, fine, and very fine sand, silt, and clay, using a modification of G.W. Gee
and J.W. Bauder’s (1986) pipette particle size analysis. Measurements obtained from the
two pits at each site were compared for consistency, and then averaged for the site. Site
soil characteristics were compared to Diers and Vieira (1977) to determine if the soil
types given for the study sites were likely to be accurate.
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CHAPTER 4
COMMUNITY DYNAMICS

The remainder of the dissertation is divided into two sections: Community
Dynamics and Analysis of Factors. This chapter addresses tree community composition
and dynamics in the Ossipee Pine Barrens. Quantitative methods, results, and discussion
are presented with the goal of describing past and present forest composition.
Community types are identified and described, and future changes are predicted based on
current trends.

QUANTITATIVE METHODS

Assessment of Species Abundance
Abundances for the species in each of three strata (trees, saplings, and seedlings)
were calculated as number of stems per hectare (density). Relative density was also
calculated for each stratum at each site.
In order to quantify vegetation changes that took place at each site in the halfcentury leading up to the current study, I estimated the density of trees 50 years ago.
First, I determined how many of the trees alive in 2002 would have been trees (> 10 cm
dbh) in 1952. To predict diameter in 1952,1 used the dendrochronological records for
173 trees > 50 years old at the time they were cored to calculate a mean 50-year annual
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radial growth rate for each species. Annual ring width of pitch pine, white pine, red pine,
red maple, red oak, paper birch, and bigtooth aspen was predicted using step-down
multiple regression. Explanatory variables originally included were species, tree
diameter, region within the pine barrens (north, central, south), site, tree age, and their
interactions. Only species, tree diameter, and their interaction term explained a
significant amount of variation in annual ring width (p < 0.05); therefore region, site, and
tree age were dropped. The resulting growth equation had an adjusted r2 of 0.657, and
was used to “grow” all trees present in 2002 back to 1952 (Table 3). Species not
included in the model had too few trees > 50 years old, so their growth equations were
based on the rates calculated for species of the same genus, or on simple averages of
yearly growth of all individuals that were at least 50 years old (Table 3). Growth
equations were then applied to all existing trees, and if trees were less than 10 cm dbh in
1952 then they were excluded from the 1952 density estimates.
In addition to trees that were large enough to be present in 1952, trees that had
died between 1952 and 2002 had to be included in the estimate of 1952 tree density. I
applied the growth equations from the multiple regression to the stumps, logs, and
standing dead trees found along the 10 x 70 m diagonal transect at each site during
sampling. Because diameter class midpoints and decay class (1-5, see Figure 6 ) were
known for these dead individuals, it was possible to infer which ones had most likely
been alive and greater than 10 cm dbh in 1952. I estimated that each decay class
represented about 10 years since cutting based on stumps in various stages of decay
found at four study sites (HP2, HT2, SB2, and ST1) that had known logging dates.
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Table 3. Step-down multiple regression of annual radial growth for seven species in the
Ossipee Pine Barrens.

A. ANOVA Table for multiple regression of annual radial growth. Diameter at breast
height (DBH) measured in cm.
Variable

Sum-of-Squares

Species
DBH
DBH* Species
Error

7.656
3.050
10.071
75.734

DF

Mean Square F-Ratio

6
1
6

1.276
3.050
1.678
0.476

159

2.679
6.403
3.524

E
0.017
0.012

0.003

B. Growth equations used to estimate diameter in 1952 of trees in the Ossipee Pine
Barrens, derived from the multiple regression. DBH'50 is the predicted diameter at breast
height in 1952.
DBH"50

Growth Equation from Multiple Regression

Pitch Pine
White Pine
Red Pine
Red Maple
Red Oak

DBH - 5*(1.063 - 0.751 + (0.028*DBH) + (0.016*DBH))
DBH - 5*(1.063 + 0.202 + (0.028*DBH) + (0.019*DBH))
DBH - 5*(1.063 + 0.219 + (0.028*DBH) - (0.012*DBH))
DBH - 5*(1.063 - 0.876 + (0.028*DBH) + (0.025*DBH))
DBH - 5*(1.063 + 0.876 + 0.3-0.118-0.219 + 0.751 - 0.202 +
(0.028*DBH) - (0.025*DBH) - (0.002*DBH) + (0.017*DBH) +
(0.012*DBH) - (0.016*DBH) - (0.019*DBH))
DBH - 5*(1.063 - 0.3 + (0.028*DBH) + (0.002*DBH))
DBH - 5*(1.063 + 0.118 + (0.028*DBH) - (0.017*DBH))

Paper Birch =
Bigtooth Aspen =

C. Growth equations used to estimate the diameter in 1952 of species not included in the
multiple regression because of small sample size.
DBH'50

Equation

Derived From

Beech
=
Hemlock
=
Black Oak
=
White Oak
=
Quaking Aspen =
All others*
=

DBH - 5*(1.29895)
DBH - 5*(2.168693)
Red Oak
Red Oak
Bigtooth Aspen
DBH - 5*(1.87648)

mean radial growth
mean radial growth
same genus (assumed similar)
same genus (assumed similar)
same genus (assumed similar)
mean radial growth

(*Red Spruce, Black Spruce, Black Cherry, Balsam Fir, Yellow Birch)
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Growth equations applied to the dead individuals predicted that all stumps in the 20-30
cm class would be larger than 10 cm dbh in 1952 regardless of species or date of logging.
Stumps in the 10-20 cm class that had recently died (i.e., were not yet in a state of
advanced decay) were probably not large enough to be living, tree-sized (> 10 cm dbh)
individuals in 1952 (Table 4). However, because of their slow annual growth and decay
rates, all pitch pine and red maple stumps in the 10-20 cm class were predicted by the
growth equations to have been of tree size in 1952. Stems per hectare were then
calculated for the dead individuals in each plot. Subsequently, relative densities in 1952
were calculated for each species based on the sum of the stems per hectare for each
species’ dead stems, plus stems per hectare of extant individuals that were large enough
to be present in 1952.
In order to make predictions of future vegetative composition, I used relative
density of the sapling class. These trees, ranging from < 10 cm dbh down to > 1 m tall,
likely represent the next generation of trees that will make up the forest canopy when the
present canopy individuals die. Predictions were based on the (somewhat dubious)
assumption that mortality would affect all species equally, conserving their relative
densities in the future. Unlike seedlings, most trees in the sapling class have been
established in the forest understory for many years (Silvertown 1987). Seedlings are
subject to a much higher rate of mortality than saplings and their presence may only be
transient (Silvertown 1987); therefore seedling relative density was not used as a
predictor of future canopy composition.
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Table 4. Representation of 2002 dead trees and stumps in 1952 forest communities. Each
entry in the table lists, by tree species and DBH class in 2002, the decay classes of dead
trees and stumps required for a tree to be represented as alive and > 10 cm dbh in 1952.
Estimates based on growth equations in Table 3 applied to size class midpoints.

Species
Red Maple
Paper Birch
Bigtooth Aspen
Red Pine
Pitch Pine
White Pine
Red Oak
American Beech
Eastern Hemlock
All other species*

Size Class (cm) of dead trees and stumps in 2002
40+
io-:
30-40
20-30
1-5
1-5
1-5
1-5
1-5
1-5
4-5
1-5
1-5
3-5
1-5
1-5
1-5
3-5
1-5
1-5
1-5
1-5
1-5
1-5
1-5
4-5
1-5
1-5
1-5
4-5
1-5
1-5
3-5
1-5
1-5
1-5
1-5
1-5
1-5
4-5
1-5
1-5 .
1-5
4-5

(*Red Spruce, Black Spruce, Black Cherry, Balsam Fir, Yellow Birch)
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Classification of Community Types
As shown above, each of the 41 stands could be depicted as existing in three
points in time: 1952 (past), 2002 (present), and 2052 (fixture). Thus there were 121
different entities, or Site-Time Assemblages (STA’s) that could be classified based on
their tree species composition and abundance patterns. (Two 2002 sites were recently
clearcut and had no trees > 10 cm dbh, so were not included in the total.) The STA’s
were classified by cluster analysis using Ward’s minimum variance method (Ward 1963)
to restrict the occurrence of extremely large clusters, with Euclidean distance as the
distance measure and species relative densities as attributes (analysis run with PC-Ord,
McCune and Mefford 1997).
The community types identified by cluster analysis were then summarized by
calculating the mean relative density of each species across all sites in each community.
Communities were given names based on the species that had the highest mean relative
density in the tree stratum (or future tree stratum), plus the names of other species that
had 67% of the density of the leading species.

Community Dynamics
Past and future changes in plant species composition were characterized in three
ways. First, size structure diagrams indicating 10 cm diameter classes of pitch pine,
white pine, and red maple (the three species with the highest densities in the study) were
used to predict which species were likely to replace the current forest canopy at each site
at some point in the future. The presence or lack of different species in canopy versus
understory positions indicated if change was likely to occur. One size structure diagram
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per community type was chosen using a random number generator for display in the
Results section.
Secondly, a detrended correspondence analysis (DCA) ordination was run using
the 121 STA’s (based on species relative densities) as attributes (PC-Ord, McCune and
Mefford 1997). The three temporal positions of each site (1952,2002, and 2052) were
compared on the DCA ordination to document any shift in the location of each site in
ordination space through time. If there was any directionality in the shift patterns for
each community type from 1952 to present to the future generation of trees, this was
noted. Relationships of species densities to DCA axis coordinates were examined using
Kendall’s tau, a nonparametric correlation (McCune and Mefford 1997).
Lastly, transition matrices (Shugart et al. 1973, Horn 1975) were created to show
the likelihood of change (transition) from one community type to others over two time
periods, from 1952-2002 and from 2002-2052 (future). The transition probabilities for
1952-2002 were based on known vegetative composition at the two time periods and
reflected past changes based on actual disturbance history. These probabilities could not
be used to accurately predict future changes, however, as in many cases current forest
canopies did not reflect the influx of hardwood saplings growing beneath them, and the
likely future importance of these hardwoods as they grew to tree size. Therefore
transition probabilities after 2002 were based on proportional changes from current
sapling community types, under the assumption that tomorrow’s canopies would be made
up of today’s saplings (see Discussion for caveats). In this way the post-2002 matrix
accounted for the impending increase in hardwood canopy influence, but the actual time
necessary for replacement of the current canopy by current saplings was unknown.
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Because the average lifespan of pitch pine is known to be around 100 years, this was used
as the default time step; however, because many present day pitch pines in Ossipee were
established in the early 1900’s, the first time step (starting with 2002) was 50 years with
the assumption of canopy tree death by 2052. All subsequent time steps in the model
were based on the 2002-2052 transition probabilities, and were set at 100 years.
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RESULTS

Classification of Community Types
Of the 41 sites in the Ossipee Pine Barrens, 39 sites had trees > 10 cm dbh, and
the other two were recent clearcuts with immature trees. Canopy vegetation on sites
could be viewed as existing in three separate temporal states: a) 1952 (i.e., “the past”,
based on reverse growth estimates of 2002 trees, stumps, logs, and standing dead trees),
b) 2002 (i.e., “the present”, based on present day trees), or c) 2052 (i.e., “the future”,
based on present day saplings in the understory). The 41 sites could thus be represented
as 121 “site-time assemblages” (STA’s). Cluster analysis of all 121 STA’s produced
three clusters, or community types, which occurred at the level of 60% information
remaining (Figure 7). Community assignments for the 41 sites in the past, present, and
future are given in Table 5.
Cluster 1 (20 STA’s) was dominated by red maple at an average of 62% relative
density (Figure 8a). Less abundant species included American beech (11%), white pine
(11%), and red oak (9%). Pitch pine had only 1% mean relative density in this cluster,
and all other species had < 2% density. Cluster 1 will henceforth be synonymous with
the red maple community type. It is important to note that all STA’s included in this
cluster were sapling-level STA’s, and no site in the Ossipee barrens had the red maple
community in the current overstory.
Cluster 2 (54 STA’s) corresponded to a mix of white pine, pitch pine, and red
maple (Figure 7). In this cluster, white pine had an average of 35% of the trees per STA,
with pitch pine and red maple at circa 20% relative density each (Figure 8b). Cluster 2
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Table 5. Date of stand formation and community type assignments for 41 study sites in
their three temporal states in Ossipee, New Hampshire. Community types follow cluster
analysis, divisions at 60% information remaining (Figure 7). Date of stand origin is
based increment borings of the oldest trees at the sites (see below). Abbreviations:
PP = pitch pine; MPH = mixed pine-hardwoods; RM = red maple.

Community Type Assignment
2002
2052 (future)

Studv Site

Stand Origin

1952

CPI
CP2
HP1
HP2
HP3
HP4
HP5
HT1
HT2
HT3
HT4
HT5
KT1
KT2
KT3
LM1
LM2
LM3
PR1
PR2
PR3
PR4
PR5
PR6
PR7
PR8
PR9
RR1
RR2
RR3
SB1
SB2
SB3
ST1
WB1
WB2

1918
1885
1871
1913
1936
1922
1930
1882
1919
1926
1913
1923
1976
1958
1989
1876
1885
1869
1905
1927
1919
1864
1882
1878
1907
1877
1861
1920
1956
1914
1765
1915
1913
1998
1924
1921

MPH
PP
PP
PP
MPH
MPH
PP
PP
PP
PP
PP
PP
MPH
PP
PP
MPH
PP
PP
PP
PP
PP
MPH
MPH
MPH
MPH
PP ■
MPH
PP
PP
PP
MPH
PP
MPH
MPH
PP
PP

MPH
PP
MPH
MPH
MPH
MPH
PP
PP
PP
PP
MPH
PP
MPH
PP
MPH
PP
MPH
MPH
PP
PP
MPH
MPH
MPH
MPH
PP
MPH
MPH
PP
MPH
MPH
MPH
MPH
PP
PP

RM
RM
RM
RM
RM
MPH
MPH
RM
MPH
PP
MPH
MPH
MPH
RM
PP
RM
RM
RM
MPH
RM
MPH
MPH
RM
MPH
MPH
RM
RM
MPH
PP
PP
RM
RM
RM
MPH
MPH
PP
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Table 5, continued.

WB3
WB4
WB5
WL1
WL2

1884
1892
1914
1845
1845

PP
PP '
MPH
PP
PP

PP
MPH
MPH
MPH
MPH

MPH
RM
MPH
RM
RM
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C luster 1 - Red Maple

C luster 3 - Pitch Pine

C luster 2 - Mixed Pine-Hardwoods

Figure 8. Mean relative density of species having > 1% relative density in three community types in the Ossipee Pine Barrens.
Error bars are standard deviations.

will henceforth be called the mixedpine-hardwoods community type. At the level of 80%
information remaining (the next level at which a workable number of clusters were
produced), Cluster 2 was divided into three sub-clusters (Figure 9). Cluster 2a (26
STA’s) was composed of 33% white pine and 23% red maple (Figure 9a). Red oak was a
secondary species with 11% of the mean stem density. All other species, including pitch
pine, had < 8% density. Cluster 2b (12 STA’s) was made up of 60% white pine and 27%
pitch pine, with all other species trailing red maple’s 5% (Figure 9b). Cluster 2c (16
STA’s) was characterized by pitch pine as the most numerous species (39%), with red
maple (25%) as the codominant species (Figure 9c). White pine had 19% of the mean
stem density in this community. STA’s classified in all three subgroups of the mixed
pine-hardwoods community occurred at every time period: 1952,2002, and the expected
future.
Cluster 3 (47 STA’s) was dominated by pitch pine at a mean of 82% (Figures 7,
8), and will henceforth be called the pitch pine community type. At the level of 80%
information remaining, two sub-clusters were identified, the difference between them
indicated by the importance of pitch pine relative to white pine and red maple (Figure
10). In Cluster 3a (21 STA’s), pitch pine had a mean relative density of 68%, with white
pine and red maple at 17% and 8%, respectively (Figure 10a). Cluster 3a will be referred
to as the “invaded” pitch pine community. Cluster 3b (26 STA’s), on the other hand, was
nearly pure pitch pine, with that species retaining 94% of the relative stem density at
those sites (Figure 10b). The pitch pine community was most common in the 1952
STA’s, but was represented in all three named time periods.
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Figure 10. Mean relative density of species having > 1% relative density in three subclusters of the Pitch Pine community types in the Ossipee Pine Barrens.
Error bars are standard deviations.

DCA ordination of the same 121 site time assemblages produced a wide
distribution across two main axes (Figure 11). The third axis was not used, as it did not
illustrate any groupings not already present with the second axis. Pitch pine increased
linearly to the top left side of the ordination field (Figure 12a; Axis 1 tau = -0.839, Axis 2
tau = 0.585). White pine density was unimodally distributed across the first axis, peaking
in the center (Figure 12b), and increased towards the bottom of the vertical axis (Axis 2
tau = -0.454). Red maple increased towards the lower right of the ordination field,
showing the opposite pattern as pitch pine (Figure 12c; Axis 1 tau = 0.686, Axis 2 tau = 0.454). Red oak and American beech showed similar but weaker patterns to red maple
(Figures 12d, e; red oak Axis 1 tau = 0.582, Axis 2 tau = -0.298; beech Axis 1 tau =
0.579, Axis 2 tau = -0.377). Beech formed a distinct cluster at the right side of Axis 1,
beyond where red maple had its highest density values (Figure 12c, e). The high end of
Axis 2 showed weak groupings of other species such as bigtooth aspen, red pine, and
paper birch, although these species were absent or relatively unimportant at most STA’s
in the study.
Community types identified with cluster analysis were reflected in the DCA
ordination (Figure 11). STA’s in the pitch pine community (Cluster 3) were located at
the top left, corresponding to the high density of pitch pine. Conversely, STA’s in the red
maple community (Cluster 1) were located at the lower right of the ordination, where red
maple had the highest relative densities. STA’s in the mixed pine-hardwoods community
(Cluster 2) were intermediate on the ordination field between pitch pine and red maple.
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DCA Ordination of Tree Relative Stem Density (x = 1952, a - 2002, b = saplings)
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Figure 11. Detrended Correspondence Analysis (DCA) ordination of 121 site-time assemblages (STA's) in the Ossipee Pine Barrens, showing
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species in the Ossipee Pine Barrens. Circle diameter is proportional to density.
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Community Dynamics
Within each cluster, all present-day sites had similar size structure diagrams.
However, size structure diagrams differed among clusters. The present-day differences
are illustrated with a set of randomly selected size structure diagrams, one per cluster
(Figures 13-17; The red maple community type had no STA’s in 2002, so could not be
presented.) Pitch pine trees were present in all community types, regardless of site age;
however, most pitch pine individuals were trees in the larger size classes, as shown in
PR1 (white pine-pitch pine; cluster 2b, Figure 13), CPI (pitch pine-red maple; cluster 2c,
Figure 14), PR8 (invaded pitch pine; cluster 3a, Figure 15), and WB3 (pure pitch pine;
cluster 3b, Figure 16). [The relatively higher number of pitch pine saplings compared to
adults in HP2 (white pine-red maple; cluster 2a, Figure 17) was due to selective cutting of
adult pitch pine on the site, and was not necessarily representative of the white pine-red
maple community as a whole.] In four of the five community types, pitch saplings were
vastly outnumbered by other species’ saplings (PR1, CPI, PR8, HP2; Figures 13-15, 17).
Pitch pine saplings were equivalent to white pine saplings in the pure pitch pine type
(WB3; Figure 16). White pine and red maple tended to dominate the smaller tree size
classes in all community types except for pure pitch pine, but red maple had more than
twice the sapling count of white pine in all types except pure pitch pine.
In order to determine if the 41 sites represented a successional sequence, date of
stand formation was ascertained from the year that the oldest tree on each site reached
stump height, based on increment cores (Table 5). Pitch pine-dominated forests typically
established within a few years after the stand-initiating disturbance. Site age ranged from
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Figure 13. Size structure of Pine River State Forest 1 (PR1), representing the Mixed Pine-Hardwoods community,
White Pine-Pitch Pine, subcluster
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Figure 14. Size structure of Constitution Park 1 (CPI), representing the Mixed Pine-Hardwoods community,
Pitch Pine-Red Maple subcluster
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Figure 15. Size structure of Pine River State Forest 8 (PR8), representing the Pitch Pine community,
Pitch Pine (invaded) subcluster
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Figure 17. Size structure of Dr. Melvin A. Harmon Preserve 2 (HP2), representing the Mixed Pine-Hardwoods Community,
White Pine-Red Maple subcluster

5 years (recent recovering clearcut) to 238 years, with a mean of 97 years, a median of 90
years, and a standard deviation of 42 years. Year of site formation was unimodally
distributed around the median year of 1913, with most of today’s forests establishing by
1929 (Figure 18).
Pitch pine was usually the first species of tree to establish following the standinitiating disturbance (68% of sites). If not first, it established early, usually within 20
years of the first tree (90% of sites). The ranked date of establishment for each species
varied (Kruskal-Wallis ANOVA p < 0.0001), with pitch pine colonizing within 6 years of
stand origin, on average. Other species, such as red oak, red maple, and white pine,
colonized an average o f20-30 years after pitch pine, and beech appeared an average of
57 years later, when present (Figure 19). Where pitch pine and white pine had tree-sized
individuals (> 10 cm dbh) present on > 93% of the sites by 2002, red maple had reached
78% of the sites and red oak and beech had arrived at < 44% and 24% of the sites,
respectively (Figure 20).
Though there appeared to be a relatively short window of stand establishment
between 1860 and 1939 (Figure 18), mean date of stand formation was significantly
different among community types. The 41 stands had been classified into community
types in three ways, based on their past (1952), present (2002), and future (2052)
vegetation. Regardless of which community classification was used, sites classified as
pitch pine always had a mean age less than that of the mixed pine-hardwoods and red
maple (Figure 21a). Sites classified as red maple were older, on average, than the sites
making up other community types (Figure 21a). The differences in stand age across the
community types in the 3-cluster model were significant for present (2002) and future
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Figure 19. Mean year of establishment (when present) + 1 SD of the oldest tree of five species in the Ossipee Pine Barrens
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(2052) vegetation, based on Kruskal-Waliis ANOVA (1952 p = n/s; 2002 p < 0.05;
saplings p < 0.01). When the 6-cluster community model was applied to the 41 stands,
there were significant differences in community ages among community types in all three
temporal states (Figure 21b; Kruskal-Waliis ANOVA, 1952 p = 0.016; 2002 p = 0.013;
future p = 0.038). Red maple, white pine-red maple, and pitch pine-red maple
community types all had generally higher mean stand ages than other types. Within the
pitch pine clusters, the STA’s that were beginning to be invaded had higher mean stand
ages than those that had remained pure pitch pine (Figure 21b).
Stand age differences appeared on the DCA ordination as a weak gradient across
axis 1 (tau = 0.268), with the oldest sites on the right. This gradient parallels a shift from
pitch pine through white pine-pitch pine-red maple to red maple (Figure 11). The three
temporal states of the 41 sites, corresponding to past (1952), present (2002), and future
(2052) vegetation, are arranged in order from left to right on the ordination field, in
concert with the age gradient (Figure 22).
Between 1952 and 2002, the number of STA’s classified as pitch pine declined
from 27 to 15, while the number of STA’s in mixed pine-hardwoods increased from 14 to
24 (Figure 23). Between 2002 and 2052, or the time it will take for saplings to replace
the current canopy, pitch pine STA’s were expected to decline to 5, or less than 20% of
their 1952 frequency, assuming sapling relative density is indicative of plant abundance
in future canopy. Both mixed pine-hardwoods and red maple community types were
expected to replace former pitch pine communities (Figure 23). According to sapling
relative densities, the red maple type is expected to dominate 20 of the 41 sites when the
saplings in the understory replace the present canopy.
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DCA O rdination o f Tree Relative Stem Density (x = 1952, a = 2002, b = sap lin g s)
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Figure 23. Change in Site-Time Assemblages (STA) from 1952 (past) to 2002 (present) to 2052 (future),
determined by cluster analysis of 121 STA’s at 60% information remaining.

Quantifying the community type changes associated with each of the 41 study
sites across two time transitions, 1952-2002 and 2002-2052, allowed transition
probability matrices to be calculated. Transition probabilities for the communities in the
3-cluster model, defined from cluster analysis at 60% information remaining, were
considered first. Results indicated a shift away from the pitch pine STA’s during both
transitions. The 1952-2002 transition is shown in Figure 24. During the last 50 years,
58% of the study sites that were pitch pine assemblages in 1952 remained pitch pine in
2002, with the remaining 42% changing to mixed pine-hardwoods. All sites that were
mixed pine-hardwoods in 1952 remained so for 2002. No sites changed into the red
maple community type during this time step. The 1952-2002 transition represents real
trees and changes in vegetation that actually happened, and is the net effect of all land use
practices and disturbance regimes that occurred over the last 50 years.
From 2002 to the time it will take for 2002 saplings to replace the current canopy,
acceleration in the decline of pitch pine is expected (Figure 25). Although 40% of pitch
pine STA’s were expected to change into mixed pine-hardwoods, a figure comparable to
the 1952-2002 transition, another 40% were expected to change directly into red maple,
with only 20% retention of pitch pine STA’s. Mixed pine-hardwoods was most likely to
change into red maple (58%) or remain the same (38%), with only one site expected to go
back to pitch pine. This 2002-2052 transition assumes that sapling relative densities will
reflect future forest composition, but still takes into account all patterns of past land use
and disturbances that led to the formation of those saplings.
The two transition matrices were used to predict community changes into the
future, starting with 1952 baseline data. The 1952-2002 matrix was used for the first 50-
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Figure 24. Community transitions 1952-2002, based on cluster analysis, 60% information remaining.
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Figure 25. Community transitions 2002-2052, based on cluster analysis, 60% information remaining.

year time period, for accuracy. From 2002 on, the second transition matrix was applied,
starting with a 50-year interval (2002-2052), and 100-year time intervals thereafter (see
Methods for rationale; time periods are approximate). Predicted changes in the coverage
of community types across 41 sites are depicted in Figure 26a. According to the model,
pitch pine declined sharply, reduced to four STA’s by 2052. Mixed pine-hardwoods
increased initially to a peak in 2002, and then declined. Red maple, not present until after
the first time step, increased quickly after 2002. By 2052, roughly half of the study sites
were predicted to be in the red maple community type.
The same model was applied to a hypothetical 41 pine barrens sites where 100%
of the sites began in the pitch pine community (Figure 26b). The patterns were similar to
results starting with 1952 data, with pitch pine being reduced to 5 STA’s in
approximately 100 years, assuming that the same disturbance, soil, and seed source
regimes that have been in effect over the past 50 years continue into the future. The
model does not account for major disturbances such as wildfire, which have been
excluded during this time.
Transition probability matrices were also calculated for the 6-cluster community
model, defined at 80% information remaining. Transition probabilities were limited by
having only 41 sites for 36 possible transition types, but the model predicted much the
same patterns as for the 3-cluster model: a decline in pitch pine types, a quick increase
and decline of white pine, and a steady increase in red maple starting after 2002.
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Figure 26. Changes in community type predicted by the transition model for
41 sites in the Ossipee Pine Barrens over 600 years.
A. 1952 starting values. B. Hypothetical start with 41 pitch pine sites.
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DISCUSSION

The pine barrens of Ossipee, New Hampshire, represents a unique expression of
the northeastern pine barrens ecosystem type because of its historical and successional
context. Historically, the Ossipee barrens has been free from both argricultural influence
and the effects of charcoaling, differentiating it from the Montague Plains barrens in
Massachusetts (Motzkin et al 1996), and the Waterboro barrens in Maine (Copenheaver
et al. 2000), respectively. Additionally, the current pitch pine communities in Ossipee
are relatively old compared to other sites in the Northeast. For example, the Waterboro
pine barrens burned almost in its entirety in 1947 (Copenheaver et al. 2000, Butler 1987),
so most plant communities there are today at most 55 years old. While some areas on the
northern part of the Ossipee Barrens burned in 1957, the oldest trees at 41 study sites in
the Ossipee Barrens, on average, were more than 95 years old. The Pitch Pine National
Natural Landmark at White Lake State Park had pitch pine trees in excess of 60 cm dbh
that dated at 157 years old in 2001.
Because of its historical and geographic setting, the Ossipee Pine Barrens is
threatened by different factors than are other northeastern barrens. While the other most
extensive pine barrens site in the state, the Concord Heights Pine Barrens, has been
virtually eliminated because of residential and commercial expansion, the Ossipee pine
barrens is still large enough to support natural diversity and community processes
(Sperduto et al. 2000). While urban development in the form of summer home
construction has been occurring faster since the 1980’s than in previous years (more than
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5000 homes lie within the pine barrens in the town of Freedom; Robert Boyd, pers.
comm.), the Nature Conservancy (TNC), the Society for the Protection of New
Hampshire Forests (SPNHF), and the State of NH have been able to preserve large tracts
(totaling nearly 1200 hectares) of pine barrens forest from the threat of development
Protection is by no means complete, and further steps are still necessary to prevent
fragmentation and habitat loss in the future.
The greatest threat to the Ossipee Pine Barrens may be the prevention of fire,
which is a natural disturbance that promotes the growth and long-term persistence of pine
barrens vegetation while controlling the establishment of fire-intolerant species (Boemer
1981, Patterson and Finton 1996, Parshall et al. 2003). Evidence points to fire being a
universal influence in the history of the Ossipee Barrens (see Analysis of Factors, next
chapter). While the most recent documented conflagration occurred in 1957, this fire
affected parts of the northern barrens in Freedom; much of the larger pine barrens area
has been free of fire for at least 50-100 years because of fire exclusion policies. These
areas, and to a lesser extent the section that was most recently burned, have seen an
insurgence of white pine and fire-intolerant hardwoods over the last 50 years. According
to Paul Beck of the International Paper Sawmill in Madison (pers. comm.), 50 years ago
white pine was not present in the area as a timber species. Today white pine is present at
all 41 study sites as large trees. Processes associated with natural succession, combined
with unnatural fire suppression, have altered community composition and structure over
much of the pine barrens away from dominance by the pitch pine community that was
prevalent 50 years ago.
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Stand Establishment: Major Fire Disturbance
Most stands in the Ossipee Pine Barrens probably originated after a catastrophic
disturbance, such as a major wildfire. Soil analysis found charcoal in 98% of the A
horizon soil samples collected throughout the barrens (see Analysis of Factors, next
chapter). Dendrochonological analysis showed the mean date of stand formation (as
measured by the oldest tree) was 1905 + a standard deviation of 42 years. No existing
documentation of wildfires was discovered for the period surrounding the turn of the last
century, and 1905 was too long ago for even the oldest residents of Ossipee to recall.
However, age structure of the sites indicates pitch pines were among the first trees to
colonize at that time, and they formed a cohort of even-aged trees that dominated the
forest canopy until the present time. Because pitch pine is a well-known colonizer of
sandy soils following intense fire that ehminates leaf litter and increases light levels
(Bums and Honkala 1990a), it is likely that fire was the stand-establishing force behind
the older cohort of pitch pine in Ossipee. This hypothesis is corroborated by the
dendrochronological dating of fire scars from trees that survived fires around the turn of
the century, both in this study and in Patterson (2002). Patterson examined fire scar
wedges taken from trees in the northern Ossipee barrens, discovering fires in 1898, 1905,
and 1912.

1952-2002: The General Pattern of Change
The state of 1952 forests in Ossipee was determined by species-specific reversegrowth equations based on dendrochronological ring width measurements of trees over
the last 50 years. These equations were then applied to all trees in the 2002 sample, to
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determine which trees would have been > 10 cm dbh in 1952. The density of trees that
existed in 1952 but have since died or were cut were added to the total number of live
trees based on decay class analysis of stumps, logs, and snags from each site. Decay
rates were estimated to be approximately 10 years per decay class, based on comparing
field observations with the dates of known logging events. The resulting relative density
statistics that I generated are not exact, but the overall trend was that most sites showed a
markedly higher relative density of pitch pine in the 1952 sample than in the current
sample. In 1952,63% of study sites were classified in the pitch pine community type,
based on cluster analysis.
The last 50 years has seen the invasion of medium-fire-tolerant white pine and
fire-intolerant hardwoods in most sites. This shift in species composition and stand
relative density has led to changes in community type at many sites over the last 50 years,
as determined by cluster analysis. Over this period, the pitch pine community type in the
Ossipee barrens has experienced a 44% decline, while mixed pine hardwoods has
increased by 71% to become the dominant forest type.
The first appearance of white pine and hardwood trees > 10 cm dbh was on
average at least 20 years after pitch pine establishment. However, these younger trees
have experienced higher growth rates than the pitch pines, which are in some cases
reaching the end of their natural lifespans. White pine individuals that are as much as
50% larger in diameter than their pitch pine neighbors may be more than 50 years
younger. At the oldest sites, such as at White Lake State Park and the Madison Town
Forest at Lead Mine Road, pitch pine tree density is declining with time as older
individuals die and are replaced in the canopy by younger trees of other species. Species

80

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

found growing beneath pitch pine canopy include white pine, red maple, red oak, and
beech. Pitch pine seedlings are unable to grow in the shade of their parents, or to
establish through their leaf litter (Bums and Honkala 1990a).

2002-2052: Predictions of Future Change
Analysis of the composition of saplings (trees < 10 cm dbh but taller than 1 m)
growing in the understories of 41 study sites in Ossipee paints a picture of the future for
the pine barrens that is very different than the composition of the current forest canopy.
If sapling composition is indicative of future forest tree composition, then hardwoods,
especially red maple, are predicted to take over much of the Ossipee barrens in the next
generation. However, it is important to point out that sapling mortality is probably
different among different species in the understory due to different resource requirements
(e.g. shade tolerance, moisture and nutrient requirements), and the majority of saplings
will not survive to become adult trees. Rates of growth and mortality at low resource
levels vary by species (Kobe et al. 1995). However, if the high relative density of red
maple in the sapling stratum is even generally conserved as these trees grow, red maple
should be a major future canopy component.
The prediction of transition to red maple also critically depends on the
continuation of the current disturbance regime that led to the establishment of red maple.
This regime includes historic rates and methods of logging and fire suppression. A major
wildfire, a disturbance that has been excluded over the last 50-100 years in most sites,
would change the predictions drastically by destroying fire-intolerant red maple saplings
and young trees.
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A simple model based on the transition probability of sites into community types
predicted that the red maple community type should dominate quickly if the current rates
of change (2002 trees - 2002 saplings) continue into the future (Figure 26a). I used 2050
as the definition of “future” because many pitch pines in the Ossipee Pine Barrens will
reach senescence within the next 50 years, likely forming canopy gaps. Bums and
Honkala (1990a) place the maximum age of pitch pine at 200 years, though a few live to
350 years. As the mean site age in Ossipee is already 97 years, the majority of trees will
have reached 3/4 of their maximum age by 2052. Personal observations at a number of
sites indicated that in many cases canopy pitch pines were already not doing well and
starting to die (e.g. White Lake State Park, Lead Mine Road). The model assumes that
advanced regeneration of understory trees will fill gaps formed by the death of canopy
individuals. Time steps for the model after 2052 were arbitrarily set at 100 years; long
term rates of canopy turnover in undisturbed pine barrens are undocumented in the
literature.
A further caveat is that the transition model presented here is a state model based
on mean transition probabilities over all study sites. Though its implications for
ecosystem change are instructive and valuable, it is a broad-brush approach and its
application to any particular site may not be justified. Not all stands are predicted to
change; some sites will clearly remain in pitch pine through 2052, while others will
convert to hardwoods. Factors other than stand age that exert control over local variation
in vegetation, such as underlying soil characteristics, seed dispersal from established
sources, and disturbance history including logging and fire, are the focus of the next
chapter.
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Consequences and Significance of Community Changes
From 1952-2002, the frequency of pitch pine sites declined as sites transitioned to
the mixed pine-hardwoods community. Though there are no sites in the study that
currently have the red maple community type in the forest canopy, the model predicts this
type will be much more important in the future. Red maple is the “absorbing state,” or
endpoint of the modeling process to which all sites are headed, although other community
types are possible in the future (e.g., a type dominated by shade-tolerant hardwoods such
as beech, which is present now in small numbers but not yet important as a community
dominant). Elimination of the pine barrens community will be the result of this
hardwoods replacement process if current trends in land use and disturbance continue.
A succession- and suppression- driven change process has been described in other
eastern pitch pine forests. For example, succession to more shade tolerant, mesic species
has been occurring in the Great Smoky Mountain National Park in the last six decades of
fire suppression (Harrod and White 1999). Fire-dependent pitch pine and other pines are
not reproducing successfully, and are likely to disappear except in xeric rock outcrop
areas. In the Albany Pine Bush, only 6 of 20 sites studied by Milne (1985) had typical
pitch pine-scrub oak vegetation. The area where pitch pine-scrub oak persisted was
located in a central area where fire had once been common before the construction of the
NY Thruway in 1953 (Milne 1985). The remaining sites had already transitioned to
mixed hardwoods or mixed pitch pine-white pine-hardwoods. In all sites, pitch pines
were the oldest trees, indicating they were there first.
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The successional elimination of pitch pine in the absence of disturbance is a result
of its fire-adapted life history. Pitch pine does not regenerate well on leaf litter, and stand
establishment most often occurs after moderate to severe fires or other disturbances that
open up the canopy and remove leaf litter. In the absence of fire on Cape Cod, oak,
beech, and hickory, which are more shade tolerant and not limited by litter substrate,
recruit beneath pitch pines and eventually grow up to replace them (Parshall et al. 2003).
In Ossipee, the rate of successional change has been alarmingly fast from 1952present (Figure 26a). Over that period, sites in the pitch pine community type declined
from 26 to 15 sites, a loss of 42% over 50 years. The rate predicted by sapling
replacement in the interval 2002-2052 mirrored the previous decline, also with a net 11
sites transitioning out of pitch pine, but now at a loss rate of 73% from current levels. By
2052, pitch pine community area is predicted to reach a low of 4 sites, or only 15% of its
area 100 years before. After 2052, the rate depends on the interpretation of the canopy
turnover rate (time step) used in the transition model (Figure 26a); however, pitch pine
decline in favor of hardwoods is expected to continue if current disturbance conditions
(i.e., fire suppression and lack of major disturbance) persist.
As pitch pine barrens are unique, isolated ecosystems in New England, and are
home to many rare and endangered species of plants and animals (especially Lepidoptera;
Table 6), these ecosystems have been a major focus for conservation planning in recent
years (NH Natural Heritage Inventory, no date; Rawinski 1987, Motzkin et al. 1996,
Sperduto et al. 2000, Peter Benson, Northern NH Program Manager for The Nature
Conservancy, pers. comm.). For example, New England’s only occurrence of Lithophane
lepida-lepida lives in the Ossipee Pine Barrens (D. Sperduto, pers. comm, to T. Lee). Of
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Table 6. Endangered species ofLepidoptera identified in the Ossipee Pine Barrens, New
Hampshire. Source: JefFLougee, The Nature Conservancy, Conway, NH.

Restricted to Ossipee?

Genus species

Family

Zale sp. 1, pine barrens zale
Itame sp. 1, pine barrens itame
Lithophane lepida lepida
Zanclognatha martha
Xylena thoracica
Xylotype capax
Lithophane thaxteri
Zale submediana
Apharetra purpurea
Eumacaria latiferrugata
Glena cognataria
Zale obliqua
Erynnis brizo brizo
Hemileuca maia
Lycia rachaelae

Noctuidae
Geometridae
Noctuidae
Noctuidae
Noctuidae
Noctuidae .
Noctuidae
Noctuidae
Noctuidae
Geometridae
Geometridae
Noctuidae
Hesperiidae

YES
YES
YES
no
YES
no
YES
no
no
no
no
no
no
no
no
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fifteen rare species of moths and butterflies known to live in Ossipee, five are found
nowhere else in the state (JeffLougee The Nature Conservancy, pers. comm.)- Rare
plants associated with Ossipee Barrens include wild lupine, blunt-leaved milkweed, and
two species of beach heather (Hudsonia ericoides and H. tomentosa var. intermedia)
(Rawinski 1987). Continued succession toward hardwoods at the expense of pitch pinescrub oak will reduce the available habitat for these species, further threatening their
populations. The Nature Conservancy is currently exploring management options for
their pine barrens holdings, which would include mechanical treatments to create
firebreaks and some level of prescribed burning (Patterson 2002, Peter Benson, pers.
comm.).
A question of sociological as well as ecological importance is whether the
Ossipee Pine Barrens is capable of continuing on its current successional trajectory, given
the dry soils and anthropogenic and stochastic factors. A result of long-term pitch pine
and scrub oak growth and mortality is the accumulation of highly flammable litter, and of
tall scrub oak vegetation that can act as fire ladders. A recent evaluation of fuel loads in
Ossipee was completed for the West Branch and Hobbs portions of the Ossipee Barrens
by Patterson (2002) for the NH Nature Conservancy. Fuel load models for the Ossipee
Barrens predicted surface fire flame lengths of 7.3-11.8 feet, and a rate of spread of 10-29
feet per minute in 10 mph winds (Patterson 2002). Windspeeds in the 15-20 mph range
can facilitate crown fires (Patterson 2002). According to Richard Hobbs, a longtime
resident who witnessed the 1957 blaze, and Robert Boyd, forest Ranger for NH District 6
(pers. comm.), high winds and crown fires can produce 100 foot flames and easily jump
local roads that are 50-75 feet wide.
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New Hampshire forest fire wardens are preparing for an emergency evacuation of
homes and planning for firefighting in the northern barrens in the likely event of wildfire
in the next decade. According to Robert Boyd, whose district includes Ossipee, Madison,
and Freedom, a forest fire in the northern barrens would quickly become uncontrollable,
threatening more than 5000 homes in the West Branch, Hobbs, and Pine Barrens East
areas of Madison and Freedom. Many of these homes are owned by summer residents
who remain apathetic toward the possibility of a major forest fire. He distributed a
survey describing the danger of forest fire to 5000 homes in 2002, and not one household
responded to ask for a consultation on how to fireproof their property. Without
defensible space around houses in the Pine Barrens and an effort to keep litter off of roofs
and out from under decks, the town of Freedom could lose as much as 75% of its tax base
in the event of forest fire. According to Robert Boyd, only one in three houses in the pine
barrens might be defensible, and current road systems are inadequate for quick
evacuation and firefighting.
Catastrophic wildfire would undoubtedly be devastating to the local community
and economy. However its effects on the ecosystem would likely be to regenerate the
pine barrens by eliminating fire-intolerant species, removing leaf litter, and facilitating
the reseeding of pitch pine. A worthy question for the land manager, then, would be to
determine how to manage for a less-flammable, yet healthy pine barrens ecosystem while
preventing uncontrolled wildfire where massive amounts of litter have accumulated. It is
the goal of this research to facilitate such endeavors. The next chapter will address
natural and anthropogenic factors that correlate with the growth, persistence, and decline
of pine barrens vegetation. Specifically, why do some stands get invaded by white pine
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and hardwoods while others remain in pitch pine? This question will be looked at in the
next chapter through the lenses of local soil characteristics, distance from seed sources,
and natural and human disturbance histories.
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CHAPTER 5
ANALYSIS OF FACTORS

This chapter addresses the relationship of vegetation and successional changes to
physical, environmental, and historical factors. Quantitative methods, results, and
discussion are presented with the goal of measuring the relative power of soil, seed
source, and disturbance factors to explain variation in community composition and
dynamics within the pine barrens. Factors are analyzed in relation to past, present, and
future community types, groups of sites on similar successional trajectories, and DCA
ordination coordinates of site-time assemblages (STA’s), as defined in the Community
Dynamics chapter.

QUANTITATIVE METHODS

Plant community composition and dynamics in the pine barrens were
hypothesized to be controlled by 1) soil properties, 2) proximity of seed sources of key
species, or 3) historical disturbance events that restrict or modify plant species
distributions. Methods for determining the effects of each of these three factors will now
be described.
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Soils Analysis
Nutrient and texture analysis of soil samples produced 16 A horizon variables and
18 C horizon variables, given in Table 7. As the number of soil variables was large
relative to the 41 sites sampled, I used principal components analysis (PCA; run using
PC-Ord, McCune and MefFord 1997) to reduce co-varying soil factors down to a few
testable components. PCA was run once for each soil horizon (A and C). To determine
if soil properties varied, the principal components were analyzed across community types
using Kruskal-Wallace nonparametric analysis of variance. The analysis of variance was
run three times based on three classifications of the 41 sites; classifications resulted from
a cluster analysis of all site-time assemblages [past (1952), present (2002), and future
(2052)].
To see if soil properties were related to successional patterns, each site was
classified based on successional change over two time periods: 1952-2002, and 20022052. The successional transition groups to which sites were assigned were:
1) mixed pine-hardwoods

red maple

MPH -> RM

2) mixed pine-hardwoods -> mixed pine-hardwoods

MPH -> MPH

3) mixed pine-hardwoods

MPH -> PP

pitch pine

4) pitch pine

red maple

PP -> RM

5) pitch pine

mixed pine-hardwoods

PP -> MPH

6) pitch pine

pitch pine

PP^PP

Kruskal-Wallis nonparametric ANOVA was run twice, once for each time period, to
determine if soil properties, as represented by PCA components, varied by these
transition groups.
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Table 7. Soils variables included in principal components analysis of 41 sites in the pine
barrens of Ossipee, NH.

A Horizon

C Horizon

pH
SMP - Lime
Ca
Mg
K
P
Organic Matter
N -N itrate (N03)
N - Ammonium (NH4)
Cation Exchange Capacity (CEC)
Base Saturation
Ca Saturation
Mg Saturation
K Saturation
O Horizon thickness
A Horizon thickness
% Sand
% Silt
% Very Coarse Sand
% Coarse Sand
% Medium Sand
Depth to C Horizon
% Coarse Fragments

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

XXXXXX
XXXXX

Soil Variable

x X X X X X x

91

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

A third method to test if soil properties were related to the organization of plant
communities was to correlate PCA component scores (soils ordination) with DCA axis
scores (vegetation ordination). Spearman nonparametric correlation coefficients were
calculated separately for past, present, and future vegetation. [The DCA analysis
included all 121 site-time assemblages (41 sites at 3 time periods), but correlations were
based only on the 41 or 39 points that corresponded to the time period being tested.]
Finally, a number of univariate analyses were performed using Kruskal-Wallis
ANOVA to determine if individual factors representing overall soil fertility and texture
varied across community types, as classified by past, present, and future vegetation.
Cation exchange capacity (CEC) and base saturation were selected because they
represented overall nutrient levels, while pH was chosen because it can affect the
availability of these nutrients to the plants. In the C Horizon, % silt was used to represent
texture, as it was also positively correlated with clay and negatively correlated with sand
in the soil.
The relationship of glacial landform to site-time assemblages was explored with
contingency tables. Chi-square tests of independence were performed to test the null
hypothesis that the distribution oflandforms (eskers, kames, and outwash plains) across
the community types was random. However, as more than one-fifth of the expected cells
in the chi-square test had values less than 5, p-values obtained from the analysis were
confirmed directly using the following technique: Under the constraint that the number
of sites available on each landform was set by field sampling, sites were allocated
randomly to landform and a chi-square test of independence was run on the random
grouping. This procedure was repeated 50,000 times in MATLAB 6.5 (The MathWorks,
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Inc., 2003), and the fraction of times the random sample produced a chi-square larger
than the actual dataset was recorded as the actual probability (p*) that the observed chisquare value could be created at random. Accuracy of p* was calculated as the standard
error of p* using the normal approximation to binomial sampling. If p* approximated the
p-value produced by the original chi-square test, then the chi-square p-value was deemed
accurate.

Seed Source Analysis
Spearman rank correlations were used to test the association of the seedling
densities of nine common pine barrens species with the distance to adult seed producing
individuals of those species. Trees > 10 cm dbh were assumed to be adult trees. Four
correlations were determined: 1) number of seedlings on-site with adult trees on-site, 2)
number of seedlings on-site with adult trees 25 m from the site, 3) 50 m from the site, and
4) 75 m from the site. Association of seedling density with plant cover was also tested,
as competition with shrubs and herbs might inhibit or reduce seedling densities of certain
species. Seedling densities were compared to the percent cover of shrubs & saplings (> 1
m tall), ground cover (< 1 m tall), and total cover (sum of cover values). A table of
means for seedlings and number of seed source trees by community type was produced
for the five most common species: pitch pine, white pine, red maple, red oak, and beech.
As it was generally true that a species with adult individuals on site had adult
individuals at 25, 50, and 75 m from the site, broad correlations such as those above had
limited interpretive value. Therefore, the presence as adults or seedlings of the five most
common species, pitch pine, white pine, red maple, red oak, and beech, was examined
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individually on a site-by-site basis. Contingency tables were constructed to determine the
number of sites where seedlings were present or absent based on whether adult trees were
present in or near the site, or if adult trees were not found within 75 m of the site. For the
hardwoods, Fisher’s exact tests were run to determine if the seedling distribution at the
sites depended on the presence of a nearby seed source. (Seed sources -adult trees- for
pitch pine and white pine were always present within 75 m of all 41 sites.)
The presence or absence of hardwood adult seed source trees within 75 m of sites
was examined in relation to the landscape context of nearby hardwood stands. Distance
to the nearest patch of hardwoods was measured on digital ortho-aerial quads (1998
DOQ’s obtained from GRANIT, University of New Hampshire) using MrSid Viewer
software (version 2.0, LizardTech, Inc. and International Land Systems, Inc., 1997-98).
Distance to roads (representing the probability of human introduction of seeds) was also
measured. The relationship of distance to hardwood stands and roads to the presence or
absence of red maple, red oak, and beech adult seed source trees was tested using
Kruskal-Wallis ANOVA.
Colonization probability was hypothesized to be related to time as well as to
distance, as more seeds should arrive over longer time periods. Successional status, as
represented by age of the oldest tree (stand age) and date of the most recent fire, was
analyzed for sites having and lacking hardwood seed sources. Age of oldest tree was
ascertained from tree ring counts collected on each site.
Fire was hypothesized to counteract the effects of seed arrival, as it kills seeds,
seedlings, saplings, and young trees, which over time could prevent the establishment of
new adult hardwood seed trees in frequently burned areas. Because the actual date of the
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most recent fire was unknown for many sites, the effects of fire on seed source were
tested using proxy variables: distances to the former Boston & Maine Railroad and to the
former New England Box Company (both known historical ignition sources), and
distance to any geographical firebreak to the north or west of each site (normally
upwind), both measured from DOQ’s. Firebreaks included geographical features such as
lakes, wetlands, major highways (not narrow local roads) and power line cuts at least 15
m wide, major gravel pits, and the tops of eskers.
To determine if any of the above seed source variables related directly to past,
present, or future community composition and dynamics, Kruskal-Wallis ANOVA’s
were again employed. Community types and successional transition groups were
examined in relation to variation in hardwood and road distance, site age, and fire
frequency proxy variables.

Disturbance History
Disturbance history of each site was assembled from evidence collected in the
field, the extant literature, and from interviews of landowners, land managers, foresters,
and forest fire wardens. Because field evidence, historical records, and the collective
memories of people were at best incomplete, factors were distilled into three overall
disturbance variables: 1) Has the forest burned since establishment of the oldest trees?
2) Has the forest experienced logging since establishment of the oldest trees? 3) What
was the pre-establishment land use for the site?
All pieces of evidence for fire history were combined into a single variable,
“Burned Since Establishment,” which could be categorized as “yes,” “no,” or
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“inconclusive.” This variable was based on a number of pieces of information. From my
field records, any charcoal on tree bark indicated that a site had indeed burned since
establishment, at least as a surface fire (stand-replacing fires were not included in this
variable). However, as not all trees have bark that retains charcoal over time, the absence
of bum marks did not necessarily preclude a past fire. The presence of fire scars on trees
was a definite indicator that the forest had survived a fire since establishment, and where
these fire scars were cored in the field, an approximate date for the fire (or fires) could be
established.
The presence of charred stumps on a site indicated that a fire had occurred there
sometime in the past; however, by itself this did not indicate whether a large fire
regenerated the site, or whether it was a low intensity bum that occurred later. Without
other corroborating evidence, sites that included these stumps were given the designation,
“inconclusive.”
Interviews with foresters, landowners, and forest fire wardens produced a set of
probable fire dates for some sites, but shed no light on other sites. Prescribed bums (in
particular areas of the Pine River State Forest) were considered a reliable “yes” for the
bum variable. Where other fires were reported to have occurred in the past, I compared
this with field evidence and dendrochonology of trees on the site. Disturbance often
produced increased growth in surviving trees for a number of years following the
disturbance, and also recruitment of younger trees. Where fire was reported to have
occurred, but no evidence could be found in the field or from increment cores to support
the claim, sites were given the designation, “inconclusive.”
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Like the fire variable, “Logged Since Establishment” precluded stand-replacing
events, but included cutting disturbances other than clearcuts that would have modified
the forest since its establishment. These included but were not limited to patch cuts,
selective cuts, thinnings, and various levels of cutting for firewood. This variable was in
all cases “yes” or “no,” as logging disturbance left physical pieces of evidence and
memories that were invariably interpretable and reconcilable.
Stumps were the primary evidence of logging, and by comparing their density per
hectare and level of decay (see Figure 6) to the age of the current forest on the site, as
determined by dendrochronology, I was able to determine if the forest was regenerated by
a clearcut or had been logged since establishment. The combination of skidder ruts on
the site with butt scars on the bases of neighboring trees caused by abrasion during the
logging event, or the presence of logging slash, also confirmed that logging had occurred
post-establishment. Skidder rats and highly decayed class 5 stumps (see figure 6) alone
without other evidence of disturbance were considered to have happened before the
establishment of the present forest. The age of the forest and the dendrochronology of
release events always made this clear.
Interviews about the logging history of specific sites with foresters and
landowners were often of limited value unless records were kept at the state level (as in
the Pine River State Forest). Unfortunately, if logging events occurred before state
ownership, no conclusive information was available. Verbal references to logging were
rarely site-specific, and were often only dated by decade (i.e. “sometime in the 1920’s”)
or “a long time ago.” However, the limited information gleaned about post-establishment
logging from interviews usually corroborated field evidence.
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The third overall disturbance variable, “Pre-establishment Land Use,” described
the purpose or state of the land before it was allowed to grow into forest. Four major
categories of land use were identified: 1) blueberries, 2) forestry, 3) pasture, and 4)
inconclusive. The categorizing of sites in this variable relied heavily on interviews with
landowners, and on the opinions of foresters and land managers. Collective memories
usually encompassed broad geographical areas, such as “by the railroad tracks” or “in the
scrub plains,” which were then applied as closely as possible to the locations of present
day sites. I emphasize that assignments in the pre-establishment land use category are
subject to a measure of uncertainty, because field evidence was sparse at best and
dendrochonology could not record events prior to the establishment of the current forest.
The ‘blueberries’ prior land use category was described as burning of the
vegetation every 2-3 years to promote the growth of blueberry bushes. Burning
controlled the scrub oak and tree sapling cover, which would compete with the
blueberries. Crops from the blueberry bushes were then harvested and sold. Current
forests developed on the abandoned blueberry fields.
Sites in the ‘forestry’ category were assigned because the sites had been used for
that purpose for as long as state foresters and land managers could remember, and were
often owned by timber companies before state ownership. There is considerable
uncertainty as to exactly what types of logging practices were carried out on these sites.
Sites in the ‘pasture’ category were assigned based on reports of landowners who
had heard from the previous landowners that the sites were once pastured. Pasturing was
the only type of agriculture in the Ossipee Pine Barrens, as plow layers (Ap horizons),
usually associated with cultivation, were absent from all soil pits throughout the study.
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Stone walls were found at one site where pasturing was reported, confirming the report,
but the presence of stone walls alone could not be used to establish pasture history
because of the absence of large stones over much of the outwash plains. Wooden fences
used for the purpose would have long rotted away. Barbed wire was not found,
indicating any pasturing probably occurred prior to the early 1900’s when barbed wire
became widely available.
In order to determine if the vegetational composition of the study sites varied
across any of the three disturbance variables, contingency tables were constructed and
chi-square tests of independence were conducted. Because the forests on some sites were
regenerated after 1952, fire and logging since stand establishment were analyzed only for
2002 and 2052 STA’s. Pre-establishment land use was examined in relation to all three

time periods. As with the chi-square tests of independence conducted on glacial
landform, p-values from the chi-square analyses were confirmed using the random
repetition technique described above, with 50,000 repetitions. In order to determine if the
transitions from one community type to another across two time periods (1952-2002 and
2002-2052) were related to disturbance variables, groups of sites with similar
successional transitions were tested using the same analysis.

Multivariate Analysis
The goal of conducting an overall multivariate analysis was to rank explanatory
variables (representing soil properties, seed source, and disturbance history) by the
amount of variation in vegetation explained by each, and to explore the relationships of
these variables to each other. Two methods were used to explain variation in species
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composition and abundance: classification and regression trees (CART; Breiman et al.
1984), and step-down multiple regression (SDMR). In both methods, the dependent
variable in the model was the location of individual stands on the first DCA ordination
axis, which represented vegetational composition. In both models, independent variables
represented soil factors, seed source, and disturbance history (Figure 27), and some of
these variables represented variation in more than one category. CART and SDMR were
ran both on DCA axis 1 coordinates of both present-day stands (2002) and predicted
future stands (2052).

Classification and Regression Trees (CART)
CART was run with SYSTAT (Version 10.1; Systat Software, Inc. 2002) using
the least squares fitting method, a minimum split index value of 0.05, and a minimum
improvement in PRE (proportional reduction in error) value of 0.05. CART has the
advantage of making no assumptions about the normality of the data, and can handle both
categorical and continuous variables. Because of the high covariance between stand age
and distance to the NE box plant, and because of confounding effects of spatial
autocorrelation of sites around this location, CART was run both with and without NE
Box to determine its influence. Many sites near NE Box were younger stands but not all
young stands in the pine barrens were near NE Box. Though NE Box was excluded,
other variables that also represented fire frequency and its effect on seed source, such as
distance to railroad and whether a site had burned since establishment, were retained in
the analysis. CART was also run with and without prior land use as a variable, because
classification in prior land use categories was relatively unreliable (see Results).
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SOILS
C-PCA1 (Nutrients)
C-PCA2 (Texture)

Landform Type

Distance to NE Box

ED
OURCE
Distance to Hardwoods

Distance to Railroad
Distance to NW
Firebreak

_ DISTURBANCE
Burned Since Establishment

Distance to Road

Logged Since Establishment

Stand Age

Land Use Prior to Establishment

Figure 27. Relationships among variables used in CART and SDMR

Step-Down Multiple Regression (SDMR)
SDMR was run with SYSTAT (Version 10.1; Systat Software, Inc. 2002),
eliminating the variable with the highest p-value at each step. Variables were retained in
the last step if they had a significant contribution (p < 0.1) to explaining the variation of
sites on DCA axis 1. The categorical variables, ‘burned since establishment’, Togged
since establishment’, and ‘prior land use’ were excluded from this analysis because many
sites had “inconclusive” listed as a value. Elimination of these specific cases would have
reduced sample size to an unworkable level for multivariate analysis; therefore the
variables were dropped. The issues surrounding the use of NE Box in CART were mute
in SDMR because it was one of the first variables to be eliminated.
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RESULTS

Soils Analysis
Principal components analysis of the A horizon produced four components with
eigenvalues > 1 (Table 8). Together, these four components explained 77.8% of the total
variation in A horizon soils, with the first component explaining nearly 40%. Component
I represented a fertility gradient, with calcium and magnesium, cation exchange capacity,
and base saturation all declining along the axis. Contrary to the overall trend of declining
fertility, magnesium saturation and potassium saturation increased along the component.
Component II represented a pH gradient, as pH and SMP lime levels decreased as
organic matter increased. Potassium also increased along the component. Component III
was a nitrogen gradient, as nitrate, ammonium, and O-horizon thickness all declined.
Component IV was most strongly related to declining phosphorus (eigenvector -0.62),
but also included pH, nitrate, and the thickness of the A horizon.
In most cases, Kruskal-Wallis nonparametric analysis of variance showed no
significant relationship between A horizon soil components and community types at any
time period (Table 9). Component III had a p value <0.1 for its relationship with future
(2052) community variation in the 3-cluster model (see the Community Dynamics
chapter), but did not vary according to 6-cluster community model. Component IV had a
p value < 0.05 with the past (1952) communities in the 3-cluster model. Soil variables
showed no relationship with sites grouped by successional transition groups. (A
transition group represented sites that underwent similar changes from one community
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Table 8. Principal Components Analysis of A Horizon soil variables, showing four
principal components. Eigenvectors represent correlations of individual variables to
components.

A Horizon Component
I
n

in

IV

Eigenvalue
% Variance
Cumulative %

6.4
39.8
39.8

2.7
17
56.8

1.9
12
68.8

1.4
9
77.8

Variables
(Eigenvector > 0.3)

Ca (-.37)
Mg (-.33)
CEC (-.37)
Base Sat (-.35)
Ca Sat (-.37)
Mg Sat (+.35)
K Sat(+.33)

pH (-.35)
pH (-.43)
N03 (-.55)
SMP Lime (-.53) NH4 (-.62)
P (-.62)
K (+.44)
0 Thick (-.33) N03 (+.31)
Org Matter (+.54)
A Thick (-.32)
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Table 9. Kruskal-Wallis nonparametric ANOVA’s of A Horizon PCA components to
community types in the past (1952), present (2002) and future (2052), as well as
successional transition groups (TG’s). A transition group represented sites that
underwent similar changes from one community type to another; see Methods, above.
Elements in the table are p-values.

Cluster Model

A Horizon Component
I
II

(3-cluster)
1952 communities
2002 communities
2052* communities

n/s
m/s
n/s

(6-cluster)
1952 communities
2002 communities
2052* communities
(3-cluster)
1952-2002 TGs
2002-2052* TG’s

in

rv

n/s
n/s
n/s

n/s
n/s
0.062

0.037
n/s
n/s

n/s
n/s
n/s

n/s
n/s
n/s

n/s
n/s
n/s

n/s
n/s
n/s

n/s
n/s

n/s
n/s

n/s
n/s

n/s
n/s

* Future inferred from sapling relative density
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type to another; see Methods, above.) IfBonferroni p-value adjustments for multiple
comparisons were applied, no component retained a significant relationship with
community type or transition group.
When community composition was represented by DCA ordination axes rather
than community types, A horizon PCA components again showed no significant
correlation with the vegetation (Table 10). This was true across both DCA axes and all
sites, past, present, and fixture.
When individual A horizon soil variables representing fertility and pH were
compared to community types, a similar result was obtained. Though CEC, base
saturation, and pH all had p values <0.1 across the 1952 community types in the 3cluster model, these values were not statistically significant when adjusted for multiple
comparisons (Table 11). As with the PCA components, individual A horizon variables
had no relationship with successional transition groups.
Principal components analysis of C horizon soil variables produced four
components with eigenvalues > 1 (Table 12). These components explained 73.8% of the
variation in C horizon soils when taken together, and component I explained nearly 35%
of the variability by itself. Like the first A horizon component, the first C horizon
component represented a nutrient gradient, showing a negative correlation with calcium,
magnesium, cation exchange capacity, and base saturation (Tables 8,12). Magnesium
saturation, on the other hand, showed an increasing trend along this component. The
remaining three PCA components were strongly associated with soil texture (Table 12).
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Table 10. Spearman nonparametric correlation of A Horizon PCA components to DCA
ordination axes representing vegetational organization. Elements in the table are
correlation coefficients, (r-critical for a = 0.05,39 df = 0.324)

DCA Axis

A Horizon Component
II
I

III

IV

1 (1952 sites)
2 (1952 sites)

n/s
n/s

n/s
n/s

n/s
n/s

n/s
n/s

1 (2002 sites)
2 (2002 sites)

n/s
n/s

n/s
n/s

n/s
n/s

n/s
n/s

1 (2052* sites)
2 (2052* sites)

n/s
n/s

n/s
n/s

n/s ■
n/s

n/s
n/s

* Future inferred from sapling relative density
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Table 11. Kruskal-Wallis nonparametric ANOVA’s of A Horizon individual soil
variables to community types in the past (1952), present (2002) and future (2052), as well
as successional transition groups (TG’s). A transition group represented sites that
underwent similar changes from one community type to another; see Methods, above.
Elements in the table are p-values.

Cluster Model

A Horizon Variable
Base Sat
CEC

m

(3-cluster)
1952 communities
2002 communities
2052* communities

0.098
n/s
n/s

0.061'
n/s
n/s

0.062
n/s
n/s

(6-cluster)
1952 communities
2002 communities
2052* communities

n/s
n/s
n/s

n/s
n/s
n/s

n/s
0.052
n/s

(3-cluster)
1952-2002 TG’s
2002-2052* TG’s

n/s
n/s

n/s
n/s

n/s
n/s

* Future inferred from sapling relative density
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Table 12. Principal Components Analysis of C Horizon soil variables, showing four
principal components. Eigenvectors represent correlations of individual variables to
components.

Eigenvalue
% Variance
Cumulative %

C Horizon Component
I
II

m

IV

6.2
34.5
34.9

2.2
12.3
66.7

1.3
7.1
73.8

3.6
19.9
54.4

Variables
Ca (-.38)
% Sand (-.47) %VC Sand (-.54)
(Eigenvector >0.3) Mg (-.36)
% Silt (-.44) % C Sand (-.41)
CEC (-.39) K Sat (+.35) % M Sand (+.41)
Base Sat (-.37)
SMP Lime (+.36)
Mg Sat (+.35)
C Depth (-.31)

%VC Sand (+.35)
% M Sand (-.31)
pH (+.66)
P (+.40)
C Depth (-.33)
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Both components I and II varied by past (1952) communities in the 3-cluster
model (p < 0.05, Table 13), and component II varied by 1952 communities in the 6cluster model and the 1952-2002 transition groups (p < 0.05). Sites classified in the pitch
pine communities in 1952 were higher on component I, indicating lower Ca, Mg, CEC,
and base saturation (poorer soils). Conversely, 1952 mixed pine-hardwoods stands were
found on more fertile soils. Pitch pine sites in 1952 were lower on component II,
indicating an affinity for coarser-textured soils. However, when p-values were adjusted
for multiple comparisons by the Bonferroni method, no relationship between C-horizon
soil components and vegetation groups remained statistically significant.
PCA components were mostly uncorrelated with vegetation represented by DCA
ordination axes; however, component II had significant rank correlations with DCA axis
1, at 1952 and 2002 STA’s (r > 0.36, Table 14). DCA axis 1 represented the successional
sequence from pitch pine through white pine-hardwoods for sites in the 1952-2002
transition (Figure 12), while PCA component II represented finer soil texture and
increasing C-horizon potassium levels (Table 12). Component II represented 19.9% of
overall soil variability.
Individual soil variables representing nutrient levels and pH showed no
relationship to site-time assemblages or transition groups at any time period, according to
Kruskal-Wallis nonparametric ANOVA (Table 15). However, there was a significant
relationship between soil texture, represented by % silt, and 1952 communities (p < 0.05)
and transitions (p < 0.1, Table 15). Pitch pine communities were found on soils with
lower average silt content than mixed pine-hardwoods (0.02% vs. 0.09%), though overall
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Table 13. Kruskal-Wallis nonparametric ANOVA’s of C Horizon PCA components to
community types in the past (1952), present (2002) and future (2052), as well as
successional transition groups (TG’s). A transition group represented sites that
underwent similar changes from one community type to another; see Methods, above.
Elements in the table are p-values.

Cluster Model

C Horizon Component
II
I

III

IV

(3-cluster)
1952 communities
2002 communities
2052* communities

0.042
m/s
m/s

0.01
n/s
n/s

n/s
n/s
n/s

n/s
n/s
n/s

(6-cluster)
1952 communities
2002 communities
2052* communities

n/s
n/s
n/s

0.019
n/s
n/s

n/s
n/s
n/s

n/s
n/s
n/s

(3-cluster)
1952-2002 TG’s
2002-2052* TG’s

n/s
n/s

0.05
n/s

n/s
n/s

n/s
n/s

* Future inferred from sapling relative density
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Table 14. Spearman nonparametric correlation of C Horizon PCA components to DCA
ordination axes representing vegetational organization. Elements in the table are
correlation coefficients, (r-critical for a = 0.05,39 df = 0.324)

DCA Axis

C Horizon Component
I
II

1 (1952 sites)
2 (1952 sites)

n/s
n/s

1 (2002 sites)
2 (2002 sites)
1 (2052* sites)
2 (2052* sites)

m

IV

0.409
n/s

n/s
n/s

n/s
n/s

n/s
n/s

0.365
n/s

n/s
n/s

n/s
n/s

n/s
n/s

n/s
n/s

n/s
n/s

n/s
n/s

* Future inferred from sapling relative density
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Table 15. Kruskal-Wallis nonparametric ANOVA’s of C Horizon individual soil
variables to community types in the past (1952), present (2002) and future (2052), as well
as successional transition groups (TG’s). A transition group represented sites that
underwent similar changes from one community type to another; see Methods, above.
Elements in the table are p-values.

Cluster Model

C Horizon Variable
CEC
Base Sat

m

% Silt

(3-cluster)
1952 communities
2002 communities
2052* communities

n/s
n/s
n/s

n/s
n/s
n/s

n/s
n/s
n/s

0.017
n/s
n/s

(6-cluster)
1952 communities
2002 communities
2052* communities

n/s
n/s
n/s

n/s
n/s
n/s

n/s
n/s
n/s

n/s
n/s
n/s

(3-cluster)
1952-2002 TG’s
2002-2052* TG’s

n/s
n/s

n/s
n/s

n/s
n/s

0.070
n/s

* Future inferred from sapling relative density
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silt content was low on both types. This result was consistent with the significant
correlation of PCA component 2, which included percent silt (Table 10), to DCA axis 1
(Table 14). Adjusting p-values for multiple comparisons, however, eliminated the
statistical significance of the univariate soil relationships.
Vegetation in 1952 was significantly related to glacial landform (chi-square test
of independence, p < 0.001, Figure 28a), but present day vegetation was not (Figure 28b).
In 1952, the pitch pine community type was much more common on outwash plains than
was mixed pine-hardwoods. 50,000 repeated random groupings of sites on the available
substrate types showed that the chi-square value calculated for the 1952 arrangement of
sites could not have appeared at random more than 0.75% of the time, confirming the
significant p-value from the chi-square test of independence (p* = 0.0075 + SE 0.0004).
Site type arrangement predicted for 2052 was also related to landform, although at a
higher alpha (p < 0.1, Figure 28c). In 2052, pitch pine STA’s were predicted to occur
exclusively on outwash plains, and red maple STA’s were more common on kames than
were any other types. Again, repeated random groupings showed a low probability that
the 2052 arrangement of sites could have been produced at random (p* = 0.0895 + SE
0.0013), confirming the chi-square test of independence.

Seed Source Analysis
During forest development, species composition may be regulated by the
availability of seeds of different species; therefore factors that may influence seedling
abundance were explored. The percent cover of shrubs and groundcover species was
hypothesized to have an inverse relationship with seedling density if competition, rather
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than seed availability, was responsible for regulating seedling density. Spearman rank
correlations (Table 16) showed that the density of all species’ seedlings had no
relationship with shrub (primarily scrub oak) and sapling percent cover at the sites. Pitch
pine seedling density increased with increasing groundcover (primarily lowbush
blueberry, wintergreen, bracken fern, and sedge), and red maple, red oak, and beech all
increased with declining groundcover (Table 16). A negative correlation between total
cover and seedling density was shown for red oak and beech.
Next, seedling density for each species was compared to its adult (> 10 cm dbh)
tree density at the sites and in the immediate areas surrounding the sites, also with
Spearman rank correlations (Table 17). Pitch pine, red pine, and hemlock seedlings
showed no significant correlation with the density of adult trees at any distance from the
site. White pine, red maple, red oak, beech, and paper birch seedling densities were
significantly positively correlated (p < 0.05) with adult tree densities on site and within
75 m of the sites (Table 17). Bigtooth aspen seedling density was correlated with adult
tree density on the sites and at 25 m from the sites, but was uncorrelated at higher
distances.
Mean number of seedlings per site of the five most common species are
summarized in Table 18, organized by site-time assemblage type. Pitch pine seedlings,
shown to be uncorrelated with the density of pitch pine adults over all communities
(Table 17), had highest densities in the pitch pine communities (PPi, PPp; Table 18).
Pitch pine seedlings were nearly absent in the white pine-red maple community (WPRM), though a pitch pine seed source was always present.
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Table 16. Spearman rank correlations of seedling density to shrub and herb percent
cover, (critical r at a = 0.05, 39 df = 0.324)

Seedling Species

Shrub Cover (>lm)

Ground Cover (<lm) Total Cover

Pitch Pine
White Pine
Red Maple
Red Oak
Beech
Red Pine
Bigtooth Aspen
Hemlock
Paper Birch

n/s
n/s
n/s
n/s
n/s
n/s
n/s
n/s
n/s

0.394
n/s
-0.378
-0.49
-0.569
n/s
n/s
n/s
n/s

n/s
n/s
n/s
-0.448
-0.526
n/s
n/s
n/s
n/s
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Table 17. Spearman rank correlations of seedling density to adult tree density at the site
and tree density classes at 25 m increments from the site, (critical r at a = 0.05,39 d f =
0.324)

Seedling Species

0 m (site)

25 m line

50 m line

75 ml

Pitch Pine
White Pine
Red Maple
Red Oak
Beech
Red Pine
Bigtooth Aspen
Hemlock
Paper Birch

n/s
0.605
0.715
0.711
0.803
n/s
0.388
n/s
0.392

n/s
0.497
0.71
0.69
0.566
n/s
0.364
n/s
0.466

n/s
n/s
0.706
0.724
0.672
n/s
n/s
n/s
0.433

n/s
0.4
0.641
0.699
0.573
n/s
n/s
n/s
0.389
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Table 18. Average seedling density per 1000 m2, and adult tree density per 1000 m2 by
6-cluster community type. (Density class midpoints used for calculating trees off-site;
minimum density reported) Abbreviations: WP-RM = white pine-red maple; WP-PP =
white pine-pitch pine; PP-RM = pitch pine-red maple; PPi = pitch pine (invaded); PPp =
pitch pine (pure).

Cluster
WP-RM
WP-PP
PP-RM
PPi
PPp

PITCH PINE
Seedlings
1.3
7.4
3.0
33.0
27.4

0 m (site)
2.4
6.6
14.8
27.8
62.0

25 m line
3.8
6.0
7.5
7.0
7.5

50 m line
3.0
4.4
5.0
5.0
5.0

75 m line
2.9
3.3
3.4
3.8
3.8

Cluster
WP-RM
WP-PP
PP-RM
PPi
PPp

WHITE PINE
Seedlings
220.4
105.7
389.7
16.3
24.9

0 m (site)
24.8
16.1
11.0
4.6
2.4

25 m line
7.2
7.5
6.3
5.2
3.4

50 m line
4.5
5.0
5.0
4.7
3.6

75 m line
3.8
3.8
3.8
3.8
2.9

Cluster
WP-RM
WP-PP
PP-RM
PPi
PPp

RED MAPLE
Seedlings
476.7
231.7
658.7
384.5
42.6

0 m (site)
12.1
1.6 .
12.5
4.6
0.6

25 m line
7.2
2.3
6.9
5.6
1.3

50 m line
4.8
1.6
5.0
3.8
1.5

75 m line
3.8
1.4
3.8
3.3
1.6

Cluster
WP-RM
WP-PP
PP-RM
PPi
PPp

RED OAK
Seedlings
215.8
34.9
115.3
40.0
0.6

0 m (site)
6.8
0.3
2.0
1.1
0.1

25 m line
4.9
0.2
2.6
1.8
0.2

50 m line
3.5
0.4
1.7
2.0
0.5

75 m line
2.5
0.3
1.6
1.5
0.4

Cluster
WP-RM
WP-PP
PP-RM
PPi
PPp

BEECH
Seedlings
20.9
4.3
42.7
6.5
2.3

0 m (site)
2.4
0.4
1.0
0.4
0.1

25 m line
1.3
0.0
2.3
0.3
0.0

50 m line
0.9
0.0
2.2
0.5
0.0

75 m line
1.0
0.2
1.6
0.4
0.1
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White pine, red maple, red oak, and beech had the highest numbers of seedlings in
the communities in the mixed pine-hardwoods group (WP-RM, WP-PP, and PP-RM),
with densities as high as 1-2 orders of magnitude greater than pitch pine (Table 18). This
result is consistent with the correlation between adult trees and seedlings of these species
(Table 17).
To further examine the relationship between seedlings and adult trees, sites were
divided into two categories based on the presence of adult trees of each of the five most
abundant species: 1) sites where seed trees were either on site or present within 75 m, and
2) sites with no apparent seed source. Seedlings were categorized as 1) present, or 2) not
present at each site. I hypothesized that sites lacking seedlings should also lack adult
trees of that species, and vice-versa. To investigate this hypothesis, seedling presence
was compared to seed tree presence using Fisher’s exact tests. Adult trees of pitch pine
and white pine were present at every site or were within 75 m (Figure 29a, b). Hardwood
adult tree presence varied, and hardwood seedling presence (red maple, red oak, and
beech) was significantly related to adult tree presence (p < 0.05, Figure 29c-e). For each
species, sites without seedlings were more likely to lack nearby adult trees, either on-site
or nearby, to act as a seed source.
Kruskal-Wallis nonparametric ANOVA was employed to examine relationships
between presence of adult hardwood trees (> 10 cm dbh) and landscape features of sites
measured from digital orthoaerial quads (DOQ’s). Pitch pine and white pine were
excluded from this analysis because they were present at all sites. There was no
detectable relationship between red maple adult tree presence at the sites and distance to
identifiable deciduous hardwood stands on spring 1998 aerial photography (Table 19).
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Table 19. Kruskal-Wallis nonparametric ANOVA of seed source presence to geographic
and successional variables.

Does the presence or absence of adult seed source trees vary according to:
Distance (m) to Pure Hardwood Stands:
p value
Red Maple n/s
Red Oak
0.004
Beech
0.022

means
Present
605 m
539 m
529 m

Time Since Stand-Initiating Disturbance (oldest tree):
p value
Present
Red Maple 0.079
101 yr
Red Oak
0.011
105 yr
Beech
< 0.001
113 yr

Absent
808 m
876 m
847 m

Absent
68 yr
75 yr
63 yr

Distance fra) to Nearest Road:
p value
Red Maple n/s
Red Oak
0.045
Beech
n/s

Present
350 m
318m
358 m

Absent
438 m
479 m
. 367 m

Distance (m) to Nearest Railroad:
p value
Red Maple 0.023
Red Oak
< 0.001
Beech
0.005

Present
3739 m
4276 m
4267 m

Absent
1243 m
1139 m
1642 m

Distance fm) to New England Box Factory:
p value
Red Maple 0.005
Red Oak
<0.001
Beech
<0.001

Present
9773 m
10737 m
11387 m

Absent
1418 m
3346 m
3084 m

Present
567 m
521 m
493 m

Absent
752 m
775 m
798 m

Distance (m) to Northwestern Firebreak:
p value
Red Maple
n/s
Red Oak
0.083
Beech
n/s
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Pitch Pine Seedlings by Seed Source Location
(seed source always present)

Seedlings

Red Oak Seedlings by Seed Source Location
(Fisher’s Exact Test p * 0.001)

A

Seediings

No Seedlings
Condition

White Pine Seedlings by Seed Source Location
(seed source atways present)

■Q

No Seedlings
Condition

Beech Seedlings by Seed Source Location
(Fisher's Exact Test p < 0.001)

20

z

Seedlings

10

Seedlings

No Seedlings
Condition

No Seedlings
Condition

Red Maple Seedlings by Seed Source Location
(Fisher's Exact Test p = 0.035)

Adult Tree Presence:
— On site or within 75 m
I INot found

Seedlings

No Seediings
Condition

Figure 29. Frequency of sites containing seedlings or no seedlings, based on adult tree presence within 75 m.
A. Pitch Pine. B. White Pine. C. Red Maple. D. Red Oak. E. Beech
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Unlike sites with red maple, sites with red oak and beech were more likely to be found
closer to pure hardwood stands (p < 0.05, Table 19).
As distance to a hardwood seed source may determine the probable amount of
time required for seeds of a new species to disperse and establish as adult trees at a site
(,sensu the theory of island biogeography; MacArthur and Wilson 1967), time since standinitiating disturbance was also examined, yielding similar results. All three hardwood
species were more likely to be present at older sites (p < 0.05 for red oak and beech; p <
0.1 for red maple, Table 19). Distance to the nearest road, a surrogate for the probability
of human introduction of seeds, had no significant relationship for red maple and beech,
but sites with red oak trees were more likely to be found closer to roads (p < 0.05, Table
19).
As intense fire is known to eliminate hardwood tree regeneration in pine barrens,
three fire-related variables were examined in relation to hardwood seed source trees.
Kruskal-Wallis ANOVA showed that sites with adult red maple, red oak, and beech were
more likely to be found at distances farther from two known ignition sources, the Boston
and Maine Railroad, and the former New England Box plant (p < 0.05, Table 19). Sites
with adult red oak were also more likely to be found closer to (in the protection of)
northwestern firebreaks (p < 0.1, Table 19), while there was no detectable firebreak effect
for red maple or beech.
The six variables above were compared across community types using KruskalWallis ANOVA (Table 20). Though an earlier analysis showed that the distance from
each site to hardwoods and to roads correlated with the presence of adult hardwood trees,
in the present test these distances did not vary across community types. Stand age,
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Table 20. Kruskal-Wallis nonparametric ANOVA’s of seed source variables to
community types in the past (1952), present (2002) and future (2052), as well as
successional transition groups (TG’s). A transition group represented sites that
underwent similar changes from one community type to another; see Methods, above.
Abbreviations; HW = distance to nearest hardwood stand; RD = distance to nearest road;
SA = stand age; RR = distance to nearest railroad; NEB = distance to the former New
England Box Company; FB = distance to northwestern firebreak. Elements in the table
are p-values.

Cluster Model

HW

RD

SA

RR

NEB

FB

(3-cluster)
1952 communities
2002 communities
2052* communities

n/s
n/s
n/s

n/s
n/s

0.062
n/s
0.076

0.016
0.083
0.012

n/s
n/s

n/s

n/s
0.015
0.005

(6-cluster)
1952 communities
2002 communities
2052* communities

n/s
n/s
n/s

n/s
n/s
n/s

0.024
0.004
0.027

n/s
0.031
n/s

0.025
0.005
0.089

n/s
n/s
n/s

(3-cluster)
1952-2002 TG’s
2002-2052* TG’s

n/s
n/s

n/s
n/s

0.043
0.040

n/s
n/s

0.059
0.091

n/s
n/s

* Tm
+mrp inferred
infprrprt from
frntn sapling
carUintr relative density
Future
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0.01

however, was significantly different across community types (Table 20; see the
Community Dynamics chapter), with sites in mixed pine-hardwoods and red maple
community types being older than sites classified in pitch pine. Distance to the Boston
and Maine Railroad, in operation from the 1870’s to the 1960’s (the period over which
most of the current forests in the pine barrens originated), and distance to the New
England Box Company, a known ignition source in the northern barrens in the early 20th
century, both varied significantly across community types. In general, pitch pine
communities were more often found closer to these ignition sources, while mixed-pine
hardwoods and red maple STA’s were, on average, found at greater distances, regardless
of time period (Table 21).

Disturbance History
The relationship of disturbance history to site vegetation was analyzed in terms of
three categorical variables: 1) burned since stand establishment [yes, no, inconclusive], 2)
logged since stand establishment [yes, no], and 3) pre-establishment land use
[blueberries, forestry, pasture, inconclusive]. Chi-square tests of independence were used
to determine if the distribution of disturbance categories (excluding inconclusive sites)
varied among community types. P-values were verified using the random repetition
technique used for landform with 50,000 repetitions.
Hurricanes, disturbances that have affected New England forests over long time
scales, could not be tested statistically in the pine barrens because of low sample size.
Possible hurricane damage was evident at only two sites. The first, Sumner Brook 1
(SB1), had nine softwoods > 20 cm dbh, mostly red pines, that were felled parallel in a
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Table 21. Mean values of seed source variables by community types (3-cluster model).
Community Types: PP = pitch pine; MPH = mixed pine-hardwoods; RM = Red maple.
Abbreviations: CT = community type; HW = distance to nearest hardwood stand (m);
RD = distance to nearest road (m); SA = stand age (yr); RR = distance to nearest railroad
(m); NEB = distance to the former New England Box company (m); FB = distance to
northwestern firebreak (m).

HW

RD

SA

RR

NEB

FB

1952 PP
MPH

619
652

419
251

95
102

3018
4239

6610
12890

671
434

2002

PP
MPH

626
589

442
327

89
111

2705
3878

6148
10641

872
451

2052

PP
MPH
RM

700
644
602

470
360
336

62
85
117

1211
3444
3983

1704
8200
10961

383
772
496

CT:
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northwesterly direction by the 1938 hurricane; stems were still visible as decay class 4
and 5 (see Figure 6). The other site with possible hurricane damage, Lead Mine Road 1
(LM1), had 11 large tip-up mounds on the forest floor, all aligned in a northerly direction,
but no visible remains of tree stems. These tip-up mounds were consistent with a major
storm that probably predated the 1938 hurricane and most likely occurred before the 20th
century.

Fire Since Stand Establishment
Suspected fire dates, along with field evidence of fire and dendrochronological
evidence supporting or refuting the date of last suspected fire, are given for the 41 sites in
Table 22. In most interviews with landowners, foresters, and forest fire wardens, the year
1947 or 1957 was mentioned for the most recent fire, although bum occurrence was
usually reported for general areas rather than specific sites. After field evidence was
weighed for the 41 sites surveyed in Ossipee, 19 had most likely experienced surface fire
since stand establishment, 14 had not, and 8 sites remained questionable. Evidence of
fire before stand establishment was universal because charcoal was found in soil pits at
every study site (except at KT3 where topsoil had been bulldozed in the 1980’s).
Chi-square tests of independence found no significant differences in fire
occurrence since stand establishment between sites currently in the pitch pine STA’s and
those in mixed pine-hardwoods (Figure 30a). Mixed pine-hardwoods, however, had
twice as many sites that had been burned since establishment as those that had not been
burned, while the ratio of burned to unbumed for pitch pine was even in 2002 (Figure
30a). Differences in fire regime were marginally significant among communities
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Table 22. Suspected fire dates and evidence of fire at 41 sites in the pine barrens of
Ossipee, New Hampshire. Abbreviations: SO = stand origin (oldest tree); LSF = last
suspected fire (from interviews); CS = charred stumps; CB = charred bark; FS = fire
scars; DE = dendrochronological evidence of disturbance coinciding with last suspected
fire date (0.5 = weaker evidence); SUM = CS + FS + CB + DE; FSE = fire since
establishment.
SITE

SO

CPI
CP2
HP1
HP2
HP3
HP4
HP5
HT1
HT2
HT3
HT4
HT5
KT1
KT2
KT3
LM1
LM2
LM3
PR1
PR2
PR3
PR4
PR5
PR6
PR7
PR8
PR9
RR1
RR2
RR3
SB1
SB2
SB3
ST1
WB1
WB2

1918
1885
1871
1913
1936
1922
1930
1882
1919
1926
1913
1923
1976
1958
1989
1876
1885
1869
1905
1927
1919
1864
1882
1878
1907
1877
1861
1920
1956
1914
1765
1915
1913
1998
1924
1921

LSF

CS

FS

CB

DE

SUM

FSE

1947
1947
<1947
<1947
<1947
<1947
<1947
1957
1957
1957
1957
1957
1957
1957
1957
1957
1957
1957
1947
2000
2002
1947
1947
1947
1947
1947
1947
1956
1956
1956
1947
1947
1947

0
0
0
1
0
0
0
0
1
0
0
1
1
1

0
0
1
0
0
0
0
0
0
1
1
0
0
0
0
1
1
0
1
0
1
1
1
1
1
0
1
0
0
0
1
1
0
0
0
0

0
1
0
0
0
0
0
0
0
1
1
1
0
0
0
0
1
0
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0.5
0
0
0
0
0
0
0
0.5
0
0.5

0
1.5
1
1
0
0
0
0
1
2.5
2
2.5
1
1
0
3
4
2
4
3
3
2
2
2
1
1
2
0.5
1
0.5
2.5
2
1.5
0
1
0.5

no
yes
yes
incno
no
no
no
incyes
yes
yes
no
no
no
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
incyes
no
no
no
yes
yes
inc+
no
incno

1
1
1
1
1
1
1
1
1
1
1
1
1
0
1
0

0
1
1
1
1
1
1
0
1
0
0
0
0
0.5
0
0.5
0.5
0
0.5
0
0.5
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Table 22, continued.

WB3
WB4
WB5
WL1
WL2

1884
1892
1914
1845
1845

1907
1907

0
1
1
0
1

0
0
0
0
1

0
0
0
0
0

0.5
0
0.5
1
1

0.5
1
1.5
1
3
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2002 STA's by post-establishment burn history
(Chi-Square = no significant differences)

■ Burned
□ Not Burned

Mixed Pine-Hardwoods
Community Type

2052 (sapling) STA’s by post-establishm ent bum history
(Chi-Square p = 0.1060; p* - 0.1096)
.____ _____________

1 2 T------------------------------------------------

■ Burned
□ Not Burned

Pitch Pine

Mixed Pine-Hardwoods

Red Maple

Community Type

Figure 30. Number of site-time assemblages (STA's) burned and unbumed since stand establishment,
by community type. A. Present (2002). B. Future (2052).
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predicted for the future canopy (p = 0.106; Figure 30b). By 2052, sites that remained in
the pitch pine community were more likely to be those unbumed since establishment,
while sites entering the red maple community were nearly three times more likely to have
experienced a fire since establishment. STA’s in the mixed pine-hardwoods community
were split relatively evenly according to the bum variable.

Logging Since Stand Establishment
Dates of last logging activity and field evidence of logging are given for each site
in Table 23. Exact dates of last logging were usually elusive in interviews with
landowners and foresters because of ownership changes and uncertainty in recalling
specific locations and dates. In most cases, a general area and/or decade were given, but
dates ranged from “a long time ago” (probably <1950) to the late 1990’s. Though stumps
were present on all sites, highly decayed stumps (usually class 4-5) may have been
present before the establishment of the present-day forest. Of 41 sites, 29 had been
logged since stand establishment and 12 had not (Table 23).
Chi-square tests of independence detected no significant differences in logging
since stand establishment between sites classified in the pitch pine community in 2002
and those in mixed pine-hardwoods (Figure 31a). In 2002, both communities had more
than twice as many sites that had been logged than had not. The lack of a significant
relationship between community type and logging activity continued through 2052 in the
projected STA’s, even as the red maple community type was added (Figure 31b).
The effects of clearcutting on regenerating pine barrens stands could not be
analyzed statistically because only two sites showed evidence of recent (> 1980)
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Table 23. Suspected logging dates and evidence of logging at 41 sites in the pine barrens
of Ossipee, New Hampshire. Abbreviations: LSL = last suspected logging (from
interviews); NS = number of stumps; LDC = last (most recent) decay class (see Figure 6);
SR = skidder ruts; BS = basal scars; LS = logging slash; SS = stump sprouts; DE =
dendrochronological evidence of disturbance coinciding with last suspected logging date;
SUM = SR + BS + LS + SS + DE; LSE = logging since establishment.
SITE LSL

NS

LDC

SR

BS

LS

SS

DE

SUM LSE

CPI
CP2
HP!
HP2
HP3
HP4
HP5
HT1
HT2
HT3
HT4
HT5
KT1
KT2
KT3
LM1
LM2
LM3
PR1
PR2
PR3
PR4
PR5
PR6
PR7
PR8
PR9
RR1
RR2
RR3
SB1
SB2
SB3
ST1
WB1
WB2

12
3
38
53
10
31
27
12
14
9
32
4
3
7
48
12
13
7
43
19
14
3
20
45
46
3
29
18
11
25
5
41
29
69
19
29

4
5
3
3
2
1
3
4
2
5
3
5
5
5
1
5
3
5
3
3
3
4
3
3
3
4
3
3
5
3
3
1
1
1
3
3

0
0
0
0
1
1
0
0
0
1
1
0
0
0
1
0
0
0
0
0
0
0
0
1
1
0
1
0
0
1
0
0
0
1
0
0

0
0
1
1
0
1
0
0
1
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0

0
0
1
0
1
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
1
0
0
1
0
1
1
1
0
0

1
1
0
0
1
0
0
0
1
1
1
1
0
0
0
■1
1
1
0
0
0
0
1
1
1
0
1
0
1
0
0
0
0
1
0
0

1
1
1
1
1
1
1
1
1
1
1
1
0
0
0
1
1
1
1
1
1
0
1
1
1
1
1
1
0
1
0
1
1
0
1
1

2
2
3
2
4
3
1
1
3
3
3
2
0
0
2
2
2
2
2
1
1
0
2
3
4
1
4
1
1
3
0
2
2
3
1
1

long time
long time
1970’s-80’s
1970’s-80’s
1970’s-80’s
1970’s-80’s
1970’s-80’s

1997
1971-84

1987
long time
long time
1983-84
1983-84
1983-84
<1970's
<1970's
<1970's
<1970's
< 1970’s
<1970’s
never

1999
1999
1998
1972
1972

.

.
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yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
no
no
no
yes
yes
yes
yes
yes
yes
no
yes
yes
yes
yes
yes
yes
no
yes
no
yes
yes
no
yes
yes

Table 23, continued.

WB3 1920’s
WB4 1920’s
WB5 1920’s
WL1 never
WL2 never

1
5
6
2
7

5
5
5
5
5

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
1
1

0
0
0

0
2
1
0
0

133

Reproduced with permission o f the copyright owner. Further reproduction prohibited without permission.

2002 STA's by post-establishment logging history
(Chi-Square = no significant differences)
18 16 -

I 14'
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1
£3

6

z

■ Logged
□ Not Logged

4

2

0
Pitch Pine

Mixed Pine-Hardwoods
Community Type

2052 (sapling) STA's by post-establishm ent logging history
(Chi-Square = no significant differences)
16
14 -

I 12'
m 10

i

■ Logged
□ Not Logged

8

•s

® 6•

1 4
2

0
Pitch Pine

Mixed Pine-Hardwoods

Red Maple
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Figure 31. Number of site-time assemblages (STA's) logged and unlogged since stand establishment,
by community type. A. Present (2002). B. Future (2052).
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clearcutting, and these sites showed very different patterns. At Smith Tract (ST1),
regeneration since the 1998 cut was mostly red maple, bigtooth aspen, and white pine.
Though at least 30 reproductively active adult pitch pine trees were located within 75 m,
only 24 pitch pine seedlings were counted out of 460 total seedlings in 1000 m .
Hardwood seed sources were present, and it is unclear whether 88 aspens < 1m tall were
seed-derived or clones from the aspens cut on the site. At the second clearcut site,
Kennett Tract 3 (KT3), regeneration since the 1987 cut was sparse at 82 pitch pine
seedlings, 6 white pine seedlings, and no hardwoods per 1000 m . The site was
surrounded by closed-canopy pitch pine forest within a distance of 75 m, comparable to
ST1, but without an adult hardwood component. There were other striking differences
between the two sites. KT3 had been de-stumped by bulldozer, which removed the
topsoil over much of the area and created a dry, exposed, nutrient-poor environment for
seedlings. In contrast, stumps, woody debris, and soil were left intact at ST1.
Furthermore, KT3 had most likely been burned over by the 1957 fire, whereas ST1 had
not been burned.

Land Use Prior to Stand Establishment
Pre-forest establishment land use was compiled entirely from anecdotal evidence,
as no field evidence was available. As with logging, interviews generated generalizations
for wide areas, and sites were categorized as closely as possible based on their locations.
Probable land use category by site is given in Table 24. Of 41 sites, 16 were classified as
having been burned regularly for blueberry crops, 8 had been pastured but not plowed, 11
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Table 24. Suspected historical land use of 41 sites in Ossipee, New Hampshire, prior to
the establishment of present forests, compiled from interviews of landowners and
foresters.

SITE Date
CPI
CP2
HP1
HP2
HP3
HP4
HP5
HT1
HT2
HT3
HT4
HT5
KT1
KT2
KT3
LM1
LM2
LM3
PR1
PR2
PR3
PR4
PR5
PR6
PR7
PR8
PR9
RR1
RR2
RR3
SB1
SB2
SB3
ST1
WB1
WB2
WB3
WB4
WB5

Historical Information

Pre-Establishment Land Use

3000 BC
Indian settlement
3000 BC
Indian settlement
1800s
farmland (not plowed)
1800s
farmland (not plowed)
1800s
farmland (not plowed)
1800s
farmland (not plowed)
1800s
farmland (not plowed)
late 1800s
blueberries
late 1800s
blueberries
late 1800s
blueberries
late 1800s
blueberries
late 1800s
blueberries
late 1800s
blueberries
late 1800s
blueberries
late 1800s
blueberries
early 1800s pasture
early 1800s pasture
early 1800s pasture, near lead mine
before 1978 Franconia Box Co - timber
before 1978 Franconia Box Co - timber
before 1978 Franconia Box Co - timber
before 1978 Franconia Box Co - timber
before 1978 Franconia Box Co - timber
before 1978 Franconia Box Co - timber
before 1978 Franconia Box Co - timber
before 1978 Franconia Box Co - timber
before 1979 Franconia Box Co - timber
late 1800s
blueberries
late 1800s
blueberries
late 1800s
blueberries
1947
became fish hatchery property
1947
became fish hatchery property
1947
became fish hatchery property
late 1800s
late 1800s
late 1800s
late 1800s
late 1800s

blueberries
blueberries
blueberries
blueberries
blueberries

inconclusive
inconclusive
pasture
pasture
pasture
pasture
pasture
blueberries
blueberries
blueberries
blueberries
blueberries
blueberries
blueberries
blueberries
pasture
pasture
pasture
forestry
forestry
forestry
forestry
forestry
forestry
forestry
forestry
forestry
blueberries
blueberries
blueberries
inconclusive
inconclusive
inconclusive
inconclusive
blueberries
blueberries
blueberries
blueberries
blueberries
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Table 24, continued.

WL1 before 1980
WL2 before 1980

park land
park land

forestry
forestry

1.17
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were surmised to have been forests most likely used for harvesting, and 6 sites were
categorized as inconclusive based on a lack of information.
Chi-square tests of independence showed no significant relationship between
community types and land use type in 1952 and 2002; however during both periods sites
classified as pitch pine more often were from a blueberrying land use history (Figure 32a,
b). In 2052, land use history was significantly different among community types (p <
0.05, Figure 32c). All five sites that remained classified in the pitch pine community
were sites that had a history of blueberrying. Accounts of blueberrying were primarily
from Mr. Richard Hobbs, a longtime Ossipee resident. Mr. Hobbs’ father’s uncle
managed blueberry patches in the northern barrens around the turn of the 20th century.
According to Mr. Hobbs, management for blueberries included burning open areas every
few years to kill competition and regenerate the bushes for larger crops (pers. comm.).
Sites classified in the mixed pine-hardwood and red maple communities by 2052 had
multiple former land uses, including blueberries, pasture, and forestry (Figure 32c).

Multivariate Analysis
Regression tree analysis for 2002 site locations on the first DCA ordination axis
identified four significant variables (Figure 33). The positions of variables in the tree
reflected their relative explanatory power of variation in vegetation. Stand age
determined the first division, therefore had the highest value for model improvement
(Table 25). The model as a whole had a proportional reduction in error (PRE; equivalent
to multiple r2) of 0.666. When distance to the NE Box plant was included in the model, it
replaced the railroad in the fourth division, but model PRE was comparable at 0.690.

138

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

1952 STA's by probable pre-establishment land use
(Chi-Square - no significant differences)

Pitch Pine

Mixed Pine-Hardwoods

2052 (sapling) STA’s by probable pre-establishment land use
(Chi-Square p = 0.0245; p* - 0.0218)

LI

Pitch Pine

Mixed Pine-Hardwoods

Community Type

Community Type

2002 STA's by probable pre-establishment land use
(Chi-Square * no significant differences)
10

-

9

-

8Use Prior to Forest
Establishment

7 -
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H I Blueberries
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4
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Figure 32, Number of site-time assemblages (STA's) in former land use categories, by community type.
A. Past (1952). B. Present (2002). C. Future ( 2052 ).
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Node 1: All 2002 Sites
Mean DCA position ± 1 SD
88.6 ±55.0

Node 3

Node 2

Stand Age > 85 years

Stand Age < 85 years

113.2 ±46.1

44.7 ± 41.0

Node 7

Node 6

Node 4

Node 5

Road> 2 5 6 r

Road < 2 5 6 m

C-PCA2 < 0.977

C-PCA2 > 0.977

69.4 + 43.3

93.6 + 40.8

154.9 + 23.7

26.1 +29.3

HT2, 3

PR2, 3

HP3,4, 5

RR1, 2

WB1,2

KT1, 2

HT5

CPI

LM1
SB3

Node 8

Node 9

PR5,6,9

Railroad < 2921 m

Railroad > 2921 m

WB4, 5

73.7 ±34.7

116.0 ±36.7

HT1,4 PR8 SB1,2

CP2

WB3

LM2,3 PR1,4 ,7

WL1,2

HP1,2

Figure 33. Regression Tree Analysis of 2002 DCA Axis 1 positions.

Table 25. Individual improvement and error reduction scores for factors in the
CART model. PRE = percentage reduction in error (equivalent to r2).

Split

Variable

Improvement

Cumulative PRE

1
2
3
4

Stand Age
C-PCA2 (soil texture)
Distance to Road
Distance to Railroad

0.367
0.178
0.056
0.066

0.367
0.544
0.600
0.666
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Adding or dropping prior land use as a factor in the model made no difference to the final
outcome.
Step-down multiple regression for 2002 eliminated all but four variables, given in
Table 26. The model had an overall multiple r2 value of 0.526. In the SDMR model for
2002 vegetation, distance to railroad had the highest ratio of explained variance to error,
followed by soil texture and stand age. Landform also was significant, although unlike
the first three factors it did not also appear in the CART model presented above.
Distance to roads, which was significant in the CART model, was eliminated in the
SDMR model.
CART analysis for 2052 site positions along DCA axis 1 produced three major
divisions (Figure 34). As in 2002, stand age was the highest order variable. Distance to
the Boston and Maine Railroad and distance to the nearest hardwood stand were
secondarily significant (Table 27). Overall proportional reduction in error (PRE) for the
model was 0.571.
When NE Box was retained in the model along with site age, results changed
drastically, as the inclusion of highly correlated variables can cause instability in the tree
(Breiman et al. 1984). In that case, distance to New England Box took the first division,
and site age became secondary. Neither distance to railroad nor distance to hardwoods
was significant; rather, soil texture (C-PCA2) replaced them as a secondary variable.
PRE for the model that included NE Box was 0.717, higher than when NE Box was left
out. However, problems with including NE Box in the model will be addressed in the
Discussion section. Inclusion or exclusion of prior land use as a variable had no effect on
either CART model, regardless of the presence of NE Box.
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Table 26. Variance explained by significant factors in the 2002 SDMR model.

Variable
C-PCA2 (soil texture)
Landform
Stand age
Distance to Railroad
Error

Sum of Squares

DF

Mean Square F-ratio

P

7649.5
9756.4
5792.9
15927.8
54555.3

1
2
1
1
33

7649.5
4878.2
5792.9
15927.8
1653.2

0.039
0.066
0.070
0.004

4.627
2.951
3.504
9.635
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Node 1: All 2052 Sites
Mean DCA position ± 1 SD
171.6 ± 80.1

Node 3

Node 2

2002 Stand Age > 84 years

2002 Stand Age < 84 years

201.7 ±62.8

113.5 + 79.5

Node 4

Node 5

Node 4

Node 5

Railroad < 2707 m

Railroad > 2707 m

Hardwood Stand > 753 m

Hardwood Stand < 753 m

73.3 ±61.3

185.9 ±53.2

141.9 + 74.5

222.7 ±43.1

HT3, 5

KT1,2,3

HP3,4, 5

RR1,2

WB1,2

ST1

PR2

HP1 HT1,2 LM1-3

CPI, 2 HP2

HT4

PR1,3-6, 8,9 SB 1-3

PR7

WB3

WB4, 5

W L1,2

Figure 34. Regression Tree Analysis of 2052 DCA Axis 1 positions.

RR3

Table 27. Individual improvement and error reduction scores for factors in the 2052
CART model. PRE = percentage reduction in error (equivalent to r2).

Split

Variable

Improvement

Cumulative PRE

1
2
3

Stand Age
Distance to Railroad
Distance to Hardwoods

0.280
0.159
0.132

0.280
0.483
0.571
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Table 28. Variance explained by significant factors in the 2052 SDMR model.

Variable
Landform
Stand age
Distance to Railroad
Error

Sum of Squares
26023.9
33846.4
18224.8
150303.9

DF

Mean Square F-ratio

P

2
1
1
36

13011.9
33846.4
18224.8
4175.1

0.056
0.007
0.044

3.117
8.107
4.365
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Step-down multiple regression for 2052 site locations on the DCA axis 1
produced three factors that explained a significant amount of variation (Table 28;
adjusted r2 = 0.449). Stand age explained the highest proportion of variation, followed by
distance to railroad and glacial landform. All three factors significant in 2052 also
appeared in the 2002 SDMR model. Stand age and distance to railroad were also
significant in the 2052 CART model, where stand age also explained the greatest amount
of variability in vegetation. As in 2002, Landform was significant in the SDMR model
but not the CART model. Distance to hardwoods, significant in the 2052 CART model,
was eliminated here, as was distance to NE Box.
Table 29 summarizes the significant results from the four multivariate analyses.
In all models and all time periods, stand age and distance to the railroad were significant
predictors of vegetation, as represented by site position on DCA axis 1. Stand age
explained the highest amount of variation in three of the four models. Soil texture only
explained variation in vegetation in 2002 models, but was absent in 2052. Landform only
had significance in the SDMR models, but not CART models.
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Table 29. Summary of significant factors in multivariate analyses. A * indicates a
variable explained the greatest amount of variation in that particular model.

1*
1
1
0
1
0

1
1*
1
1
0
0

1*
1
0
0
0
1

1*
1
0
1
0
0
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N

Stand Age
Distance to Railroad
C-PCA2 (texture)
Landform
Distance to Road
Distance to Hardwds

2052 SDMR

N

2002 SDMR 2052 CART

Tf

2002 CART

^

Variable

DISCUSSION

Relationship to Variation in Soils
In the Ossipee Pine Barrens, variables representing soil nutrients were generally
not related to vegetation as represented by community types, stand locations on DCA
ordination axes, or successional sequences. In the A horizon, comparable to the top
10 cm of soil reported by most studies in the pine barrens literature, some soil variables,
including PCA component IV, cation exchange capacity (CEC), base saturation (Base
Sat) and pH, varied very weakly across 1952 community types, but showed no pattern
across 2002 and 2052 community types. A notable problem with inferring causality of
vegetation from soil nutrients in the top 10 cm is that plants can change nutrient levels
over time via thoughfall and stemflow (Gersper and Hollowaychuck 1971, Andersson
1991), litter decomposition (Sariyildiz and Anderson 2003) and root action (Bradley and
Fyles 1996). Therefore, results indicating a possible relationship of vegetation to Ahorizon CEC, base saturation, or pH must be interpreted with caution.
While no significant relationship between overstory vegetation and soil nutrients
in the A horizon was found in my study, Copenheaver et al. (2000) found a relationship
between pH, Ca, Mg, P, CEC, N, and K in the top 15 cm of soil and pine barrens
community types in nearby Waterboro, ME. In New York pine barrens, pH and specific
conductance of the top 10 cm of soil varied across DCA axes of vegetation (Bernard and
Seischab 1995; Seischab and Bernard 1991,1996). As previously emphasized, however,
these correlations cannot be used to establish cause and effect from soils to vegetation.
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Soil texture, which the above studies also found to relate to community composition, is
independent of vegetational influence and does not have the same problem with
circularity.
The C horizon is a better indicator of baseline soil conditions because it lies below
the level of decomposition and most fine roots (Ehrenfeld et al. 1992). Most C horizon
soil variables in Ossipee were not significanty related to tree vegetation, though nutrients
and texture (PCA components I and II) varied weakly across 1952 community types and
1952-2002 successional transition groups. While these relationships were not significant
when alpha was adjusted for multiple comparisons, there seemed to be a high proportion
of weak relationships between soil variables and the 1952 vegetation, as opposed to other
time periods. In 1952, soils under pitch pine forests generally had lower C-horizon
nutrient levels and coarser textures than soils underlying mixed pine-hardwoods forests.
The lack of a continuing effect of soils through 2002 and into the projected future
suggests that while plant communities may have, in the past, been weakly influenced by
abiotic factors, after 1952 other factors became more important to plant community
organization.
Though no significant effect of soils on forest vegetation was found in the
Ossipee Pine Barrens, the overall picture in eastern pine barrens ecosystems is far from
clear. The literature lacks consensus, as studies have reported conflicting results.
Bernard and Seischab (1995), Seischab and Bernard (1991,1996), and Copenheaver et al.
(2000) reported significant effects of nutrients and texture on vegetation in New England
and New York pine barrens, while Roman et al. (1985) and Zampella et al. (1992)
showed vegetation varied by texture in the New Jersey Pine Barrens. Generally, these
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studies reported that pitch pine-scrub oak communities were located on less fertile,
sandier, drier soils than community types having greater hardwood components.
However, Motzkin et al. (1996) found no differences in soil properties beneath differing
plant communities in Massachusetts, even though some soils had been plowed in the past.
In the New Jersey Pine Barrens, there were no soil differences detected between
persistent openings and surrounding pitch pine forests (Ehrenfeld et al. 1995), between
the dwarf pine plains and areas with taller trees (Little 1981), or beneath areas of
differing vegetation (Ehrenfeld et al. 1997).
These conflicting results might be artifacts of sampling or laboratory methods, or
they may indicate that the effects of soils on vegetation in pine barrens communities are
site-specific. Alternatively, they may be related to scale (Motzkin et al. 2002b); if
variability in soils is low, other factors having to do with local seed availability and
disturbance history may supercede possible soil effects. My study was restricted to four
soil types (Adams, Colton, Hinckley, and Windsor; Diers and Vieira 1977), which were
all primarily sandy, excessively well-drained outwash deposits. Perhaps a future study
that included more variation in soils might detect stronger soil-vegetation relationships in
the Ossipee Pine Barrens.
In Ossipee, community types in 1952 and those predicted for 2052—but not the
present communities—varied significantly by glacial landform. In 1952, pitch pine sites
were much more likely to be found on outwash plains than kames or eskers, and by 2052
the only remaining pitch pine sites were predicted to be on the plains. It is unknown,
however, whether these landform relationships resulted from edaphic effects or were due
to other co-varying factors, such as a higher frequency of fire on flat expanses of outwash
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as opposed to the patchy pattern of fire likely on the irregular terrain ofkames and eskers.
That soil texture and nutrient variables were not significantly associated with
communities suggests the latter.
The historical correlation of barrens vegetation to landform exists elsewhere in
New England. Foster et al. (2002) found that pine forest communities, as inferred from
fossil pollen, were tied to glacial landform on Martha’s Vineyard. Pines were more
common on northern outwash over moraine, while hardwoods dominated true morainal
sites. Southern outwash was grassy woodland with low amounts of pine and hardwoods.
This pattern was true until European settlement, when anthropogenic factors, such as land
clearing and alteration of the natural disturbance regimes, effectively homogenized
forests on the island. On Cape Cod, pitch pine communities were found more often on
outwash than glacial moraines and dunes (Motzkin et al. 2002b).

Relationship to Variation in Seed Source
The composition of any forest could be limited by the availability of colonizing
species in the local species pool, even if conditions were suitable for growth of all
species. In the Ossipee Pine Barrens, seed source availability was hypothesized'to play a
role in determining species composition and abundance. The pine barrens is surrounded
in virtually all directions by northern hardwoods forests, and succession from pitch pine
to mixed pine-hardwoods (and in the future to red maple) may be fueled by hardwood
colonization from the edges of the barrens, or from islands of established hardwoods
within the barrens.
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However, seed source limitation is not the only explanation for some sites
remaining pitch pine over long time periods; fire disturbance may have killed newly
established hardwood seedlings shortly after their arrival. Additionally, competition with
existing shrubs and groundcover might keep some species from establishing. The latter
explanation was not supported by correlations of seedlings to shrub and ground percent
cover, as the opposite result was found. Pitch pine seedlings, perhaps the most shadeintolerant of all the tree species, were positively correlated with groundcover, whereas
seedlings of red maple, red oak, and beech, medium-highly shade-tolerant species, were
correlated with the absence of groundcover. Other species’ seedlings were not
significantly correlated with cover values. I believe that the significant correlations
reflect the understory environments in which these seedlings were found rather than
shrub and herb competition, because high percent groundcover was often associated with
open sites and older stands with closed tree canopies had reduced shrub and herb cover.
Pitch pine existed in all 41 sites in varying degrees of abundance, therefore seed
source for pitch pine was assumed to be available throughout the barrens, even in sites
that had changed to mixed pine-hardwoods through succession. Pitch pine regeneration
in most stands was extremely limited, however, probably because of shading and thick
leaf litter that had accumulated on the forest floor in nearly all sites. Pitch pine seeds
need bare soil for establishment (Bums and Honkala 1990a).
White pine was thought to have followed a pattern of invasion from outside the
barrens; however this would be difficult to test, as all 41 sites studied in Ossipee now
have a seed source of adult white pine (> 10 cm dbh) within 75 m, well within
windblown seed dispersal range in moderate wind (Higgins and Richardson 1999).
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According to Paul Beck of the International Paper Sawmill in Madison, white pine has
become a major player in only in the last 50 years, and was not present in harvestable size
in 1952 (pers. comm.). Related information, given by Richard Hobbs, a longtime
resident of Ossipee and Freedom, was that there were no white pines in the West Branch
Barrens (north of Ossipee Lake) until his grandmother planted a few individuals next to
the cottage on Babcock Road around the turn of the 20th century (pers. comm.). He
believed that all of the modem white pine in the Hobbs Tract and West Branch were
offspring of these few trees. Ages of the oldest white pines in the ten Hobbs Tract and
West Branch sites did not refute this assertion, as the mean year of establishment was
1953, with only one tree dating to 1897. This presents an interesting opportunity for a
future genetic study of white pine in Ossipee.
Because adult hardwoods were not present in all sites, there was an opportunity to
test the hypothesis of hardwood seed source limitation by examining the relationship of
hardwood seedling density to hardwood seed tree presence in the pine barrens. If seed
dispersal were not universal, then seedlings should be found only near adult trees of the
same species, and be absent at sites where adult trees were absent. For red maple, red
oak, and beech, this was indeed true. Sites where seedlings were present were likely to
have adult seed trees within 75 m. Conversely, sites with no seedlings of these species
were more likely to have no local seed source. This result seems to indicate some degree
of dispersal limitation; however it is important to note two assumptions: 1) Presence of
seedlings was used as an indicator of seed dispersal, rather than a direct measurement of
seed rain. It is possible that sites without seedlings or adult trees of certain species may
have physical or biotic conditions hostile to both adults and seedlings of that species;
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however, earlier analysis showed that edaphic factors did not significantly affect
vegetation, so it is unlikely that soil conditions would prevent colonization. 2)
Reproductively active adult trees were assumed to be > 10 cm dbh. Age of first
reproduction varies by species and location, as dwarf pitch pines in the New Jersey Pine
Barrens have been documented to produce cones at only 6-8 years old (Boemer 1981,
Givnish 1981). However, larger trees do produce more seeds and their taller stature
facilitates better wind dispersal.
It was further hypothesized that if dispersal was limited, sites having adult
hardwood trees would be geographically closer to the edge of surrounding northern
hardwoods forest or to islands of hardwood trees on the landscape than would sites
lacking hardwood trees. Analysis of aerial photography showed this to be true for red
oak and beech. Sites that had adults of these two species within 75 m were often located
near established hardwood stands. Additionally, sites having red oak within 75 m were
more often found closer to roads. Reasons for this were unclear; however roadside areas
may have a greater probability of acorn introduction by squirrels and birds that disperse
along these corridors, or wooded areas adjacent to roads may be relatively long-term
refuges from logging or fire (see Multivariate Analysis, below). Sites with adult seed
trees for red maple, on the other hand, were not significantly restricted to areas with
nearby hardwood forests or roads. Red maple’s seemingly wider range could be related
to a more effective dispersal mechanism (i.e., wind) than oak and beech, which rely on
animal transport of nuts (Clark et al. 1998), but because red maple was not present at all
sites, either as seedlings or as adult trees, it may well have experienced some degree of
dispersal limitation.
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Finally, we would expect a relationship between hardwood presence and site age.
If hardwood dispersal limitation were occurring, it would take time for hardwood seeds to
reach sites, to establish populations, and to grow to tree size (> 10 cm dbh). Site age and
hardwood abundance were indeed related; sites classified as mixed-pine hardwoods were
on average 30 years older than sites classified as pitch pine.
An alternative hypothesis to explain the absence of hardwoods in certain sections
of the pine barrens is that seeds may have reached those sites historically, but their
regeneration had been eliminated by fire. Red maple, red oak, and beech are not tolerant
of intense fire, so sections of the barrens that burned frequently would be expected to lack
those species. Historical probability or frequency of fire was estimated using the distance
to known ignition sources in the 19th and early 20th century: the Boston and Maine
railroad, which was in operation from the 1870’s-1960’s, and the New England Box Plant
in Madison (now the International Paper Sawmill), from which the most recent fire
started in 1957 (Patterson and Finton 1996, Sperduto et al. 2000, Richard Hobbs, pers.
comm.). The box plant was the point source most likely to bum the barrens north of
Ossipee Lake, while the railroad spanned the entire western edge of the pine barrens.
Fires started by steam locomotives (at least once a year; Roger Clayton, formerly of the
Madison Fire Department, pers. comm.) normally burned into the pine barrens due to the
westerly prevailing winds. Hardwood species distributions followed the expectations of
the elimination hypothesis, as red maple, red oak, and beech were all significantly more
likely to have adult seed trees (and therefore more seedlings) at greater distances from
these locations. Additionally, red oak was found more often within the protection of
natural firebreaks.
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As shown above, variables representing both colonization and elimination were
similarly related to the presence or absence of adults of individual hardwood species, and
by extension, their seedlings. The relationships of these variables to community types,
however, were not identically strong. Distances to hardwood stands and roads did not
associate with community types at any time period, though site age, representing time for
establishment, did vary across types. Older sites were more likely to be mixed-pine
hardwood or red maple communities. In contrast, all three seeding-elimination variables
related to community types: distance to the railroad, distance to NE Box, and distance to
firebreaks, though firebreaks were only significant in 2052. Mixed pine-hardwood and
red maple sites were located farther away from these hazards than sites of pitch pine.
Colonization forces, while important over time, seemed to be eclipsed, or “trumped,” by
factors related to seedling mortality; of all seed source variables, fire’s influence was
more often tied to community composition. In this way, seed source and disturbance
effects were probably intimately linked, making individual effects difficult to measure.

Relationship to Variation in Disturbance History
Variation in species composition and abundance within the pine barrens was
hypothesized to be related to historical disturbance events, including fire, timber harvest,
and land use type before the formation of the current forest. Other less frequent
disturbance events known for New England, such as hurricanes and windstorms, may
have affected the vegetation as well, but could not be tested statistically because of low
sample size. Possible hurricane damage was only evident at two sites. Because severe
hurricanes occur on average once every 50-100 years in southern New England (Foster
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1988, Foster et al. 1997), and the median forest age in the barrens was only 90 years
(most trees would have been small in 1938, the year of the most recent catastrophic
storm), hurricanes probably had only limited effects on the current vegetation in Ossipee.
This conclusion was supported by Richard Hobbs, who experienced the 1938 hurricane
and remembered that the storm had no effect on trees in the pine barrens (pers. comm.).

Fire Since Stand Establishment
It has already been inferred (Community Dynamics chapter) that the stands
studied here likely established following a catastrophic (stand-replacing) wildfire (or
possibly following abandonment of repeatedly burned blueberry barrens). This chapter
will examine the effects of lower-intensity bums occurring after the establishment of the
oldest trees in existing stands. These fires can be described as surface fires that left
tangible evidence on sites but failed to kill the majority of the larger pitch pines.
Frequency of post-establishment bums was statistically similar in the present-day
pitch pine and mixed pine-hardwoods communities. However, the ratio of burned to
unbumed sites was equal in the pitch pine community but 2:1 in favor of burned sites in
the mixed pine-hardwoods community. Differences in bum history among communities
became significant in 2052, as pitch pine sites were 4:1 in favor of unbumed, while sites
that transitioned to red maple were nearly 3:1 in favor of burned. This trend seems
contradictory to the fire-tolerant, and perhaps fire-dependent, life history of pitch pine
(Bums and Honkala 1990a). However, red maple and red oak, the two most common
hardwoods found in the pine barrens, are both able to sprout when young stems are killed
(Bums and Honkala 1990b). If surface fires were not hot enough to consume all of the
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leaf litter and kill the root systems of these trees, light surface fires may instead serve to
increase stem density of these species through vegetative reproduction. New stems of
hardwoods would then compete with pitch pine seedlings in the understory. Moreover,
fires that do not remove the leaf litter probably do not allow new pitch pine recruitment
(Parshall et al. 2003). Popp (1987) found that understory prescribed summer bums
increased hardwood sprout density over control plots, especially for red maple. Popp’s
(1987) work in Madison, NH, was within 2 km of some of my sites, and my results also
suggest that prescribed or other low-intensity understory bums, which fall under the
category of “burned since establishment,” may not produce the desired effects of favoring
pines over hardwoods. Rather, high intensity catastrophic canopy fire may be necessary
for the perpetuation of pitch pine barrens forests over the long-term.

Logging Since Stand Establishment
Like fire, timber harvest can alter forest canopy and affect regeneration in the
understory, but as stand-replacing fires were excluded from the above analysis, so were
stand-replacing clearcuts. Logging since stand establishment was restricted to events that
modified existing stands, such as thinning, patch cuts, selective cuts, or firewood
harvesting. Though all sites had evidence of stumps at some level, not all sites had been
logged since establishment of the oldest trees.
The effects of logging activity clearly did not differentiate community types,
either in 2002 or in the forests predicted for 2052. All communities had similar
proportions of sites that had been logged and not logged. It was expected that low
intensity logging would favor shade-tolerant regeneration in gaps (Barden 1981, McClure
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and Lee 1993), leading to a transition towards mixed pine-hardwoods or red maple over
time. Though these communities have indeed increased over time, or are predicted to do
so in the future, the cause cannot be linked to differences in logging occurrence since
stand establishment.
The effects of clearcutting on pitch pine regeneration could not be tested
statistically because of the small sample size of recent clearcuts (> 1980) within the
barrens. Only two sites had been recently clearcut, and each had different locations, preclearcut vegetational composition, post-clearcut treatments, adjacent seed sources, and
bum histories. Because of the unique historical and seed source attributes of these two
sites, I was unable to establish from this study whether clearcutting generally favors or
suppresses pitch pine barrens vegetation, or under what conditions. This would be an
opportunity for valuable future study in the Ossipee Pine Barrens.

Land Use Prior to Stand Establishment
Previous land use was the least certain of any of the historical variables because it
was based solely on conversations with landowners, longtime residents, and foresters.
No direct physical evidence of land use before forest establishment was found at any of
the study sites to corroborate information learned from interviews and quite often,
historical dialogues described vague locations or general areas rather than specific sites.
Land use categories were therefore assigned to sites based on the limited information
available, and some sites could not be classified. Consequently it is important to interpret
statistical analyses of previous land use with a certain degree of caution.
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Only the future community types differed significantly in former land use;
however, regardless of temporal period, a higher proportion of pitch pine communities
were classified as former blueberry harvesting areas than of any other land use category.
The difference was significant only in the future perhaps because all five sites that
remained pitch pine by 2052 were of a blueberrying history. Blueberrying may have
fostered the development of pitch pine forests on these sites because of the high
frequency of fire associated with blueberry harvesting. Lands were intentionally burned
every few years to increase the vigor of the blueberry bushes and to control competition
from unwanted trees and shrubs (Richard Hobbs, pers. comm.). Blueberries are
extensively clonal and have high fire tolerance (Gleason and Cronquist 1991) and indeed,
blueberries were common groundcover plants at all 41 pine barrens sites. Frequent
surface fires for blueberry management, like catastrophic wildfire, would have prevented
the accumulation of leaf litter, killed scrub oak to the ground, and probably encouraged
establishment of pitch pine seedlings. During the blueberry harvesting years, many of
these pitch pine seedlings (too young to have thick bark) were probably killed by the
fires; however, in the years after blueberry fields were abandoned, established seedlings
would have been able to grow without competition from other trees, and eventually form
today’s woodlands and forests.
Blueberrying was generally restricted to the barrens north of Ossipee Lake,
including the West Branch and Hobbs Tracts. According to Richard Hobbs, whose
father’s uncle started fires for blueberry management, commercial blueberrying in this
area was abandoned only when the price per quart dropped below five cents (pers.
comm.), probably in the early 20th century. A blueberrying origin for these sites differs
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from the explanation given by Patterson (2002), in which timber harvest followed by fires
started by the railroad were primarily responsible for the extensive pitch pine forests that
exist in these areas today. Patterson’s (2002) and my hypotheses are not necessarily in
opposition to each other because logging and clearing of original red, white, and pitch
pine forests could have resulted in creation of the blueberry meadows, which were then
maintained with practices that favored pitch pine establishment.
A different reason that land use may have shown significant differences only
among community types in the future was that six of the eight sites with a pasture history
transitioned into the red maple community. This is puzzling, as grazing is known to
favor pines over hardwoods during old-field abandonment because cattle and sheep find
hardwoods more palatable (Stover and Marks 1998). Because five of the six red maple
sites with a pasturing history were located within one kilometer of each other, at the Dr.
Melvin A. Harmon Preserve, it is possible that the result may be caused by spatial
autocorrelation rather than prior land use type. The geographical effects of seed source
did not adequately explain why these five sites were succeeding to red maple; the mean
distance to pure hardwood stands for the these sites was 628 m, compared to an overall
pine barrens average of 630 m.
If seed source can be ruled out, disturbance history may explain the vegetation
patterns. The five Harmon Preserve sites were selectively logged for pines between the
1970’s and 1980’s (Tom Howe, director, SPNHF land conservation, pers. comm., Bill
Klotz, nearby resident, pers. comm.) This information was consistent with stump data
and increment cores collected on the sites and also with vegetation sampling, which
indicated many young hardwood trees, including red maple, were left on the sites and
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many hardwood saplings have since established. Combined with a long-term lack of
intense fire that would normally have discouraged hardwoods and promoted pitch pine
regeneration, it is possible that the selective timber harvest methods used at these sites
accelerated succession away from pines, towards future hardwoods. It is important to
keep in mind, however, that logging since establishment overall did not show significant
differences among community types in the past, present, or future. The unanswered
questions posed above underscore the complex intertwined effects of land use history,
seed source, and disturbance'on pine barrens community composition and dynamics.

Multivariate Analysis
Multivariate analysis was designed to weigh the relative effects of variables in
each of the above three categories (soils, seed source, and disturbance history) to
determine which category was most strongly associated with variation in vegetation of
the Ossipee Pine Barrens. In general, the variables that were significant in the
multivariate analysis were also significant in the separate analyses of soils, seed source,
and disturbance; however, there were some significant variables in the separate analyses
that were insignificant in the multivariate analyses.
The two variables that consistently explained the largest amount of variability,
both in present and future communities and across both the CART and SDMR models,
were stand age and distance to the Boston and Maine Railroad. Stand age represents
community dynamics and the natural changes that happen to undisturbed pine barrens
forests over time. In the Community Dynamics chapter of this study, pitch pine forests
were shown to be succeeding to white pine and hardwoods, and later red maple, as the
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established trees in the understory replaced the original pitch pine canopy. Older stands
were more likely to have an important hardwood component, while younger stands were
more likely to have a stronger pitch pine component. The dynamic patterns reflected by
stand age, however, may be correlated with the probability of introduction of new species
into a site through seed dispersal, and so stand age could also be considered a seed source
variable (Figure 27). Successful colonization and establishment were probably more
likely to occur given longer periods of time, irrespective of distance to seed source.
Reflecting this relationship, today’s older forests (> 85 years) were often associated with
mixed pine-hardwood communities, as shown on DCA axis 1 (Figure 35). In 2052, the
same relationship between age and hardwoods was evident, with red maple composing
the oldest stands (Figure 36).
Distance to the Boston and Maine Railroad was also a multifaceted variable.
First, it was a disturbance-related variable, as proximity to the tracks was probably
associated with the probability of a site being burned. In the age of steam locomotives,
from the 1870’s when the railroad was established through at least the 1950’s, if not to
the mid 1960’s when the tracks were abandoned, engines sparked trackside fires at least
once a year (Roger Clayton, pers. comm.). Sites closer to the tracks were thus probably
more prone to experience surface and crown fires than sites located at greater distances,
which were in general more likely to be obstructed by geographic firebreaks or to be
outside the fire’s path. Secondly, proximity to the tracks was shown to be related to the
absence of adult hardwood trees, which in turn was correlated with reduced seedling
densities of hardwoods in these areas. Because of this correlation, distance to the railroad
was also considered a seed source variable. It is important to note, however, that the
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railroad has not been in operation since the mid-1960’s, and even if it were refurbished
and used by diesel locomotives today, the chances of yearly fires starting along the tracks
would be unlikely. Therefore the significant future effects of the railroad as a predictor
of forest composition and species abundance must be a consequence of its “fire footprint”
in the pine barrens, rather than its continued status as an ignition source (i.e., future
composition depends on present composition, which was in turn influenced by distance to
railroad). Irrespective of whether the railroad is viewed as a disturbance or seed source
variable, the CART model associated proximity to it with stands closer to the pitch pine
end of DCA axis 1 (Figures 35, 36). The range of this effect was defined at 2.7 and 2.9
km from the railroad, for present and future forests, respectively. Again, this result was
consistent with individual analyses presented above.
As stand age and distance to railroad were always significant in both multivariate
analyses and in both time periods, these two variables were considered the primary
factors responsible for community composition and dynamics. Secondary factors were
defined as variables that were significant only in specific time periods or in only one of
the two multivariate analyses. Secondary factors were soil C horizon PCA component 2,
glacial landform, distance to roads, and distance to hardwoods.
C horizon PCA component 2, which was highly correlated with soil texture, was a
significant predictor of DCA position in 2002, but not in 2052. This seems to be contrary
to the analysis reported earlier, which showed that soil variables in general were not
significant predictors of community types, site positions on DCA axes, or successional
pathways. However, unlike most other soil variables, PCA component 2 (and the related
individual variable, % silt) was sometimes related to 1952 community types, 1952-2002
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successions! groups, and was correlated with 1952 and 2002 site positions on the first
DCA axis. This consistency, combined with significance in the multivariate analyses,
suggests a possible interaction between time period and soils, in which the influence of
soils on vegetation was reduced in the future. In the 2002 CART model, sites with
sandier soils (low PCA axis scores) appeared to be closer the pitch pine end of DCA axis
1, while sites that had higher silt components were located more toward the right-hand
limit of mixed pine-hardwoods (Figure 35). A higher sand: silt ratio would indicate lower
water holding capacity and droughtier soils, a condition for which pitch pine is well
adapted (Bums and Honkala 1990a).
Landform was a significant predictor of both present and future vegetation in the
SDMR model, but not in CART. Landform effects might first appear to correspond to
soil properties, such as texture and nutrients. However, because soil texture and nutrients
were generally not significant predictors of forest vegetation, especially in future forests,
the significance of landform must related to other factors such as disturbance (Figure 27).
For instance, large, flat, windswept outwash plains may have a naturally higher fire
frequency than other landforms, and areas closer to the geographic center of outwash
plains would be even more likely to bum repeatedly (Givnish 1981). Eskers by
comparison, if oriented in a north-south direction as most eskers in Ossipee were, would
normally be subject to fire only on the steep western slopes. Fires originating at the
railroad, for example, would be expected to bum uphill and stop at the top. Pine River
State Forest sites 1 and 4 illustrate this difference, as PR1, on the western slope of an
esker, was classified as white pine-pitch pine, while PR4, on the protected eastern side,
had more hardwoods and was classified as white pine-red maple. Kames, more than
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eskers, had irregular hilly terrain that would hinder the spread of fire, making it patchy
and uneven. As reported above, fire-tolerant pitch pine communities were more common
on outwash plains than on eskers or kames. However, we should keep in mind that there
might be other types of unknown environmental and historical variation associated with
landform that could be related to vegetational patterns.
Distance to roads and distance to hardwoods both appeared one time as significant
variables in the CART model. These two seed source variables represent the probability
of colonization by hardwoods (Figure 34), and proximity to hardwood stands is most
surely correlated with increased hardwood seed rain, both for windblown and animaltransported species. The effects of roads are less clear, although I have assumed here that
proximity to roads probably increased the chances of hardwood species introduction for a
number of reasons. First, when people harvest forests next to roads, they often leave
some trees along the edge of the road for aesthetic or legal reasons. Before the forest
behind this wooded strip regenerates, squirrels and birds would tend to congregate and
disperse down roadside corridors, transporting nut-producing species such as oak and
beech with them. Because these wooded strips had older trees, roadsides would probably
be more successionally advanced and have greater concentrations of shade-tolerant
hardwood species. It is also possible that some roads may have acted as firebreaks for
minor surface fires in the past, protecting regeneration of hardwoods in certain locations.
For whatever reason, however, both roads and hardwood stands were shown by CART to
shift the location of sites on the first DCA axis towards the right, where mixed pinehardwood and red maple STA’s were most common (Figures 35,36), but neither distance
to hardwoods nor distance to roads was significant in individual analyses.
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Other variables that were significant predictors of community type, DCA axis
positions, or successional groups in individual analyses that did not appear significant in
the multivariate analyses included: distance to the New England Box Company, distance
northwest to landscape-level firebreaks, burned since establishment, and prior land use.
These variables, while no doubt including ‘noise’ from other sources of variation, all
relate in some way to variation in the frequency of fire. Distance to the railroad, also
representing the frequency of fire, was one of the two most important factors controlling
vegetation in the multivariate analyses; CART and SDMR may have eliminated these
other variables because they showed high levels of multicolinearity. While these
variables did not contribute to explaining overall trends in vegetation in the models, they
may be locally important to specific sites or groups of sites.
The NE Box variable was a special case because I dropped it manually from the
CART models, even though it improved proportional reduction in error (PRE = r2) by
0.19. SDMR dropped it automatically in the first few iterations without my intervention.
My reasons for dropping NE Box were based upon the extreme spatial autocorrelation of
sites around the plant, which was located near the border of Madison with West Ossipee
(Figure 2; just west ofKTl). It represented a historical point source for fires, as opposed
to the railroad, which was a linear source along the west edge of the barrens. Measured
distance from the plant was irrelevant to all sites located in the central or southern barrens
because they were protected from these fires by Ossipee Lake. The railroad, on the other
hand, could start fires in all regions. Moreover, the railroad passed within a kilometer of
the box plant, which added confusion (though we know that the fire in 1957 definitely
started at the box plant). Also, sites around the NE Box plant were nearly all categorized
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in the ‘blueberried’ prior land use category, which complicated the interpretation of land
use versus fire since establishment. Given these complications, and that railroad, burned
since establishment, and distance to NW firebreak were all relatively unbiased firerelated variables already in the model, I eliminated distance from NE Box from the
CART analyses. The fact that PRE (r2) was reduced indicated that NE Box probably did
in fact account for some variability that other factors did not; however the source of this
extra variation is unclear.
In summary, multivariate analyses using CART and SDMR pointed to
successional dynamics, seed source (via stand age), and fire history (via the railroad) as
the major determinants of vegetation patterns in the Ossipee Pine Barrens. Soil texture
and landform were subordinate, followed by distance to hardwoods and roads (seed
source). Disturbance by logging never explained a significant amount of variation in
present or future vegetation. Prior land use was not significant probably because of the
high degree of uncertainty reflected within it; more in-depth site-specific historical
research is probably necessary to elucidate its effects, though we can rule out plowing at
all sites. When soils were predictive of vegetation, they were so by texture; soil nutrients
were never significant. The overall ranking of factors controlling composition and
dynamics of forest trees in the Ossipee Pine Barrens was: Seed Source > Disturbance
(fire) > Soils (texture). However, it is important to keep in mind that the models of
ecosystem control presented here can be useful at interpreting the landscape-level
ecology of the barrens, but at individual sites local physical and historical factors have
the ability to modify species composition and abundance in unpredictable and unique
ways.
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Significance to Ecology
The majority of studies designed to explore factors relating to pine barrens
community composition and dynamics have concentrated on historical and edaphic
factors (e.g., Motzkin et al 1996, Copenheaver et al. 2000, Foster et al. 2002, Motzkin et
al. 2002b, Parshall et al. 2003). Periodic disturbance by fire is generally accepted to be
critical to the functioning and long-term perpetuation of pine barrens ecosystems.
Though pine barrens almost invariably occur on nutrient-poor sands and gravels, barrens
vegetation is often also weakly related to within-barrens variation in soils. My results
regarding disturbance and soils were consistent with the existing pine barrens literature
on these points.
Seed source was mentioned in a few studies as possibly contributing to local
variation in vegetation (Boemer 1981, Patterson and Finton 1996, Radeloff et al. 1999),
but an exhaustive search of the literature showed that this aspect has never been
specifically studied in pine barrens. This is not surprising, considering the difficulty
involved in directly measuring long-term seed inputs and seedling survivorship at study
sites. Though the methods I used to estimate the influence of seed source in the Ossipee
Pine Barrens were indirect, variables associated with the control of seed inputs explained
more variation in vegetation than either disturbance history or soils in multivariate
models. An understanding of the role of seed source (in concert with disturbance and
soils) appears to be critical for accurately describing why certain areas of the pine barrens
trend towards hardwood domination while others appear to remain in pitch pine over long
periods. The combination of all three factors explained between 50 and 70% of the total
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variation in pine barrens vegetation over time, so other factors not studied here must also
be important.

Significance to Conservation and Management
Pine barrens have been present in New England for thousands of years, according
to palynological analyses of pond and lake sediments. However, data from
Massachusetts (Parshall and Foster 2002, Parshall et al. 2003) and Maine (Copenheaver
et al. 2000; 20 miles east of Ossipee) indicated that European colonization corresponded
to a sudden increase in charcoal content in lake sediments, with a corresponding increase
in pitch pine and oak pollen. These studies reported that pine barrens expanded their
ranges during the colonial period, probably due to land clearing and increased fire
frequency. The advent of the industrial revolution and railroads continued to promote
fire and pine barrens expansion, until fire prevention and suppression became a reality in
the latter half of the 20th century. Indeed, distance to the railroad tracks was the second
most important factor explaining vegetative composition in Ossipee, after stand age.
This leads to an important conservation-related and philosophical question: If
past anthropogenic influences increased the size of the barrens beyond its “natural”
range, should we be concerned that the barrens is now shrinking? I would argue that if
fire was unnaturally frequent during the 19th century in Ossipee, then the lack of any
significant fire in the barrens today is just as unnatural, and is detrimental to the barrens
ecosystem as a whole. Regardless of the “natural” extent of pine barrens in the Ossipee
Valley, the Community Dynamics chapter of the dissertation showed that most pitch pine
forests were headed towards eventual replacement by hardwoods. In the absence of
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disturbance, even the five sites predicted to remain in pitch pine through 2050 would
eventually be lost as hardwoods encroached from all directions.
Additionally, the likelihood of a catastrophic wildfire due to the accumulation of
fuel loads over the past 50-100 years is a real threat to local civilization (Patterson 2002,
Robert Boyd, pers. comm.). People were not overly concerned by pine barrens fires in
the 1800’s because very few people lived there; the land was, in fact, “barren” for
farming. Today, however, many permanent and summer residents own homes nestled
within the barrens. The challenge for land managers will be to balance ecological,
sociological, and economic factors by promoting long-term conservation of rare pine
barrens systems, protecting the welfare of people and property, and doing so with
extremely limited budgets and public support. Hopefully this study will serve to inform
such efforts.
We only have partial control of the factors that influence pine barrens
composition and dynamics. Lessons from this study that are applicable to conservation
and management of the Ossipee Barrens include the following:

1) According to the transition matrix model, continued fire suppression with no other
management will result in the loss of the entire pine barrens over the next 100
years, with the majority of pitch pine communities lost by 2050 (or the time it will
take for trees < 10 cm dbh to replace to current canopy).

2) Catastrophic high intensity wildfire would promote regeneration of pitch pine and
increase the long-term viability of the pine barrens. While this would be terribly
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dangerous to people and property, accidental ignitions and summer droughts may
make this type of fire unavoidable in some areas due to 50-100 years of scrub oak
growth and litter buildup.

3) Surface fires under existing pitch pine stands often increase hardwood sprout
density. Low intensity bums do not remove enough leaf litter to promote pitch
pine regeneration.

4) Surface fires at high frequency, such as were observed with long-term blueberry
management or continued railroad ignition, may eliminate hardwood
establishment and presence over time, while promoting pitch pine regeneration
from existing seed sources.

5) Post-establishment selective logging and patch cuts had no overall effect on
current community type classification. The specific effects of clearcuts were not
the focus of this study. However, it is likely that seed source, soil scarification,
and other site-specific factors probably interact to determine the composition of a
regenerating clearcut.

The following management ideas could be studied and developed with the goal of
regenerating pitch pine forests heavily invaded by hardwoods, common in the Ossipee
Pine Barrens. Soil texture should be used to prioritize acquisition and management of
conservation lands. Effort is best invested on coarse-textured soils on outwash plains, as
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these appear to naturally favor pitch pine communities. Finer textured soils and other
glacial landforms within the barrens seem to be more prone to hardwood invasion and
takeover.

1) Clearing followed by burning might regenerate pitch pine stands while recovering
some revenue for the project. Success would depend upon whether the fire was
hot enough to root-kill established hardwoods and expose the mineral soil to
promote pitch pine establishment. Logging slash and some felled trees might
have to be left on-site to increase fire intensity. Additional prescribed bums of
the area over the next few years might be required. Mechanically-created
firebreaks would need to be maintained around the stand to prevent escape of fire
into neighboring high-risk areas.

2) Clearing followed by scarification to expose mineral soil might promote pitch
pine establishment without the risk of a slash fire getting out of control. Logging
slash would need to be removed from the site (perhaps as wood chips). If
hardwood seed sources or stump sprouts were present on site or nearby,
hardwoods may outcompete pitch pine regeneration, especially on better soils,
■ and some method of control might be necessary.

Management of pitch pine stands should include periodic burning to reduce fuel
loads and decrease the probability of catastrophic wildfire. Regeneration of older stands
could be put on a rotation schedule comparable to the natural stand-replacing fire return
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interval, using one of the two methods above (perhaps a 50-year cycle). Presently the
average age of the Ossipee Pine Barrens is 97 + 42 years, and it would be advantageous
to coordinate management across conservation lands in the barrens to create a landscape
mosaic of different-aged stands and successional stages.
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CHAPTER 6
SUMMARY AND CONCLUSIONS

Pine barrens, a rare woodland ecosystem type in New England, is typically
characterized by open pitch pine canopy over an understory of scrub oak and blueberries.
Soils beneath pine barrens are mostly infertile, drought-prone, sandy glacial outwash.
Most pine barrens species, including pitch pine, have adaptations to survive fires that
occur naturally and frequently on the dry, flat terrain, but these species are not generally
very shade tolerant. In New Hampshire, the Ossipee Pine Barrens, located in the towns
of Ossipee, Effingham, Freedom, Madison, and Tamworth, is the largest and most
pristine example of pine barrens habitat in the state (New Hampshire Natural Heritage
Inventory 1994). Because of long-term fire suppression policy, these barrens have not
burned for 46-100 years, and are now threatened by successional takeover by less-firetolerant but more-shade-tolerant white pine and hardwoods. The current study was
designed to 1) identify and describe existing community types and their past and future
successional dynamics, and to 2) test the relative contributions of physical,
environmental, and historical factors to explaining vegetational composition and
dynamics. The factors analyzed related to soils, seed source, and disturbance history.
Forty-one study sites were located across the barrens covering the range of soils,
landforms, stand age, and vegetational variation present in the barrens. Existing tree (>
10 cm dbh), sapling (taller than 1 m), and seedling (shorter than 1 m) densities were
measured by quadrat sampling. Past (1952) vegetation was determined by reversegrowth equations derived from increment cores and by forensic evidence such as stumps.
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Future (2052) vegetation was assumed to be proportional to present-day sapling relative
densities. Community types were categorized using cluster analysis of 121 compositional
states, or site-time assemblages (STA’s), of the 41 study sites in the past, present, and
future. STA changes of individual sites over time were used to create a simple transition
model of forest change.
Cluster analysis produced three clusters dominated by pitch pine, mixed pines
(pitch and white) and hardwoods, and red maple, respectively. The frequency of pitch
pine STA’s was highest in 1952 and declined with time, with only 12% of sites predicted
to support pitch pine canopies by 2052. Mixed pine-hardwoods STA’s increased
between 1952 and 2002 as pitch pine declined, but they also began to decline by 2052.
Canopy red maple communities do not yet exist in any of these stands, but based on
sapling densities, they will dominate half of the sites by 2052. Pitch pine is generally
even-aged on most sites, where forests averaged 97 + 42 years old; therefore most pitch
pines will be at nearly three-quarters of their maximum lifespan by 2052 (Bums and
Honkala 1990a). As pitch pine regeneration was not occurring in most stands, probably
due to leaf litter buildup and shading associated with long-term fire suppression, many
sites will transition to hardwoods as canopy pitch pines die of old age.
Factors controlling vegetative composition and dynamics were hypothesized to be
related to soils, seed source, and/or disturbance history factors. Analysis of soil nutrients
and texture was conducted on both the A and C soil horizons. Seed source presence was
sampled by walking concentric transects around study sites to a range of 75 m, and by
measuring the distance from each study site to the nearest detectable stand of hardwoods
on aerial photographs. Distances from each site to historical ignition sources and
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firebreak refuges were also measured, as hardwood establishment from seed is negatively
impacted by frequent fire. Disturbance, including the site-by-site occurrence of surface
fires and logging since stand establishment and land use prior to establishment, was
inferred from interviews with residents, forest rangers, forest fire wardens, and land
managers, combined with physical evidence and dendrochronology from sites.
In general, vegetation was not significantly related to soil variation in either the A
or the C horizon, though coarse texture was weakly correlated with pitch pine STA’s in
1952. Longer time since stand establishment, associated with increased probability of
seed arrival, was a characteristic of mixed pine-hardwood and red maple communities.
Proximity to ignition sources, which was negatively correlated with the presence of
hardwood adult seed source trees within 75 m of sites, was positively correlated to pitch
pine STA’s. Surface fires after stand establishment were not associated with pitch pine
STA’s, but rather with mixed pine-hardwoods and red maple communities in 2002 and
2052, respectively. Low intensity bums may increase hardwood sprouting without
providing suitable sites for pitch pine regeneration. Logging since stand establishment
had no measurable effect on tree communities. Prior land use reflected a correlation
between pitch pine STA’s and areas possibly regularly burned in the late 1800’s and early
1900’s for commercial blueberry harvesting.
Multivariate analysis using regression trees and multiple regression indicated that
the factors above explained 50-70% of variation in tree vegetation in the following order
of importance: Seed Source (site age and distance to hardwoods) > Disturbance History
(fire only) > Soils (texture only). The pine barrens literature generally regards fire to be a
critical controlling factor of pine barrens vegetation and successional dynamics, with soil
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effects being secondary if significant. My study of the Ossipee Pine Barrens is consistent
with the literature on these points. However, I found no other compositional studies of
pine barrens that investigated seed source as a factor. It is remarkable and noteworthy
that seed source variables explained the greatest amount of variation in vegetation in the
Ossipee Pine Barrens. I recommend that more research be conducted at other pine
barrens in the northeast to explore the extent to which forest composition and dynamics is
controlled by seed source, to determine if the Ossipee Barrens are unique in this regard.
For successful long-term management of rare fire-dependent pine barrens
ecosystems and their rare species, Foster et al. (2002) strongly recommended increasing
our understanding of the relative contributions and interactions of soils, spatial and
temporal disturbance regimes, and historical human impacts on vegetation. I would
argue that the long-term effects of hardwood seed sources should be added to the top of
their list. As fire suppression policies continue and more fire-intolerant hardwoods
establish, grow, and reproduce in the pine barrens, the relative influence of seed source
on vegetation will probably continue to amplify. Indeed, in the Ossipee Pine Barrens,
hardwood seed source has already eclipsed fire history as the most dominant ecological
factor controlling present and future forest composition.
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